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. gection entitled,

FOREWORD

» Final Report consists of two major sections. The

volume Il cf the sShuttle Filter Study

»Contaminant Generation Studies at the Component Level,® describes unigue

test methods to determine the degree of contamination r~leased by typical operating compon-

ents. Several different components were tested and the

The section entitled, "Component Sensitivity Test," describes a method to deternine the .
level.of parficulate contamination at which an operating component will fail €o develop its

design life. The degree of protective filtration reguired may. be determined from the test

results. Tests .conducted on a typical operating component, a bi-propellant valve, are des-

dribed in detail.

results of these tests are deseribed.




ABSTRACT

Contaminant Generation Studies were conducted at the component level using two different

methods, radioactive tracer technique and gravimetric analyéis test procedure. Both of these

were. reduced to practice during this program. In the first of these methods, radioactively

re studied to determine their contam-

tagged components typical of those used in spacecraft we

inant generation characteristics under simulated operating conditions. Because the purpose

of the work was 1) to determine the types and_quantities of"contaminants_generated and 2)

to evaluate improved monitoring and detection scherntes, no. attempt was made to evaluate or

qualify specific components. The componehts used in-this test program were therefore not

£1ight hardware jtems. Some of them had been used in previous tests: some were obsolete;

one was an experimental device. They were supplied for the éuxpoae of these tests by NACA

and NASA contractors.

erials of interest to contaminant and filtra-
These included . .. .. . |

in addition to the component tests, various mat

tion studies were irradiated and evaluated for use as autotracer materials.

test dusts, plastics, valve seat materials, and bearing cage materials.

In all, five components were tested. These included:

Two types of solenoid valves,

An &ugmented spack igniter valve assenbly, :

A hydraulic actuator,

A baaring test device.

These components wers selected because they vere representative of the basic motions involved 1

in wear, i.s., siiding surfaces, rotating motion, impack, etc.

|
. \ 1
The test procedure involved operating the component a predetarmined numbér of cycles in a 1
test 10op. A circulating fluid reitovad coritaminants for collection on filter screens. |
gither water, hydraulic £1uid, or 1liquid nitrogen was used. Nucléar detection technijues :

were used to determine the type and quantity of contaminants collected on thie_filters.

with these techniques, it was possible to make on~line measuzrements of contaminant generation.
In most cases the source’ of the contaminant could be identified, i.e., "yalve body," "bearing

gace,” etc. Sensitivity was quite good using these methods, since test results ifidicated that v
L

10 micrograms of typical contaminant materials can be detected with ease. Using more sophis- ’

ticated techniques, the 1imit of detectability can be extended to 1 nanogram, but there seems |

to be no practical incentive to do 80 for the purposes of these tests.




1.0 CONTAMINANT GENERATION PAPAMETERS

1.1 Definition of Main Parameters

parameters that affect the performance of typical fluid system components can be

divided into.three categories for this study. They are:

source of Contaminants
" « contaminants initially in the system
n it is opened or

- contaminants external to the system that enter whe

loaded

- systen generated contaminants

Effect of Contaminants on Components

*performance Degradation or Failure Due to Contaminant Effects

For convenience, in the discussion that follows, these three categories of parameters

and PERFORMANCE parameters.

are referred to as SOURCE parameters, EFFECT parameters,

cheasddmiy o A b rifie N
5 TR s 2 R S5 v A .Y

1.2 SOURCE Parameters

L o]

g to minimize external contamination

we assume that gsuitable design of ground facilitie

ther discussion.

is technically feasible. Therefore, it is excluded from fur

an come from a variety of sources. Table I

Contaminants jnitially in the gystem C
s well as parts of a fluid systém where

1ists typical types of internal contaminants a

they ean be found.

rise .from the operation of various components with

System generated contaminants can a
These particles are formed by mechamical action when surfaces mutually

moving surfaces.
or by chemical action (corrosion}, or by vibra-

fracture and spiinterx into. each other,

tion or impact. Figure 1 shous potential sources of system gene:aﬁed_gnnggmihdnts.

1.3 EFFECT. Parameter3

Contaminants can affect moving mechanisms, clog filters, cause flow ernsion, and lead

tion of fluid parameters. The most serious of these effects

i’ to dctérioration or modifica
Figure 2 summarizes the typical effects.

e those which are related to moving mechanisms.

a . ar

i 1.4 PERFORMANCE Paramzters

]

; When the operation or pbehavior of components is modified by contaminants, the result

E is altered performauce. Th. performance parameters affected will determine the sensi-

tivity of the component to contaminztion. For some parameters, sensitivity will be
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FIGURE 1: SYSTEM GENERATED CONTAMINANT SOURCES i
. !

EEEEEE; | DESCRIPTION EXAMPLE
1 —_———— . —_——

Hectilinear motion Fluid flow, feed
(opepdirectional) screw

.%_‘_ Hectilinear motion piston and
(pertodic) . 6ylinder
, Rotational (one- Redial puup
(-l_-/ direction) housing, dbushings
Radial force
/4 . Rotationsl (one- Axial pump
direction) housing
Axial force
P
g‘ Rolling Bearing
- ‘ 4
6 Impact Solenoid,
y actuators
S ]
29
[:":-«{-] vibration Pipe flexure,
N . - turbine vibration

E:::::::] Suiface Corrogcion or
conditions gsurface finish

- -
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FIGURE 2:

EFFECTS OF CONTAMINANTS ON TYPIC

DESCRIPTICN

sticking of

sliding mechanisms

Blocked flow passage

Scored surfaces

Wear and frictiocn

Altered flow di-
rections (unkalanced
gystem pressure)

Misalignment

Janming of mechanisns

Contact Prevertio:x

(inccaplete closure)

AL COMPONENTS

EXAMPLE

piret lock,
Stiction,
Weldnent

Plugged
metering
orifice

Scoring of
ghafts, rods
and slides
causing leak-
age paths.

Abresion of

seals, in-

- creased fric-

tion through
dirt lock

pammed lines
or orifices

Misalignzent
of spools:

glide gutes,etc.

Jamaing of irpeller

ﬁeter

Valve lezkege




much greater than for others. Typical parameters include:
- Leakage rate
- Torque, force, and breakout force requirements
- Pressure decay
- Excessive pressure drop
- Flow decay
- Plow restriction or modification
- Overheating due to friction
- Reproducibility of operation
- Increased power consumption
- Material integrity
- Structural integrity
- Degradation of another component

- Dimensional tolerance Or misalignment

In conclusion, it can be seen that numerous paramters are required to specify the

performance of the components in a system. gach component involves some but not nec~

essarily ail of the test parameters. The cost of testing and qualifying every component

would be prohibiti-e, since the number of parameters and their relationship are.quite

complex, even for seemingly simple components.

jcal components were gselected in ah effort to examine the performance of

répresentative jtems. Although the coniponents tested by no means jnclude examples of

Therefore, tyP

every type found in a spacecraft fiuid system, an effort was made to include in the test

program examples of each of the sources shown in Figure 1.

v o R a2 F 2 i

!
|
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2.0 _ RADIOACTIVE TRACEF TECHNIQUES

2.1 Introduction

This section describes radiocactive tracer technique for studying the effects of con-

ants and for studying component contaminant self-generating characteristics in

The methods utilize radioactive tracers and neutron

tamin

£luid systems used on spacecraft.

activation analysis techniques to achieve 2a high gensitivity for analysis, to allow

quantification ot contaminant concentration and particle size, and to make rapid, re-

mote detection of contaminants possible.

The need for this work arose when it becanie apparent that conventional gravimetric

methods are limited in application. The main limitations are:

gensitivity is limited to 0.1 — 1.0 milligram.

pifficult to discriminate between contaminants generated by test items

and other foreign material which might be present in a test loop.

Remote detection or "on-line® measurement of contaswminants is not possible.

Test system must be perturbed to determine amour.t of contaminants present.

In some £luids, such as hydraulic fluids, it is difficult to get accurate

gravimetric results.

In all casges, care must be exercised to avoid loss of qontaminants before

weighing.

Using radioactive tracers is & low=-cost, convenient way of circumventing each of the

above problems.

‘2.2 Mathods

Two main types of tests were conducted under this program. In one part of the program,

cests were run with »test dusts® or other types of simulated contaminaits. These in<

cluded such things as AC-coarse and AC-fine tests dusts (Arizona coad dusts) , which do

not necessarily xebresent the type of contaminants found in actual spacecraft systems.

However, they are useful as a device fox making comparative studies of various types of

filters, and for evalunting certain wear mechanisme.

When test dusts are used, the objectivea is «sually to evaluate filter performance or

to determine the effect of contaminants on a particular component.

e e e &




In a real system, each component must also be considered as a source of contafmiia. -4.

Thys the proulem can be divided into two parts:

(1) Determining effects due to contaminants added to system.

(2) Determining effects due to components generating contaminznts. -
From this introductory discussion it can be seen that in theory every component such
as.a valve, bearing, or hydraulic actuator should have two filters: one typstream”

to prevent system contaninants from causing it tc malfunction, and another "downstream"”

to preveat contaminants it generates from affecting other components in the system.

Obviousiy, the filter redquirements for a particular filuid system can.not be specified
in_a: optimum way unless the precise éerfor@pnce characteristics of each component are
xnown. These include its propensity to generate contaminants (rate, particle size

distribution, amdunt, etc.) as well as its gsensitivity to contaminants in.the system

from rther sources.

One of the cbjectives of this work was to develop improved methods for- studying typical

spacecraft components in order to gain information concerning their performance.

Tagged Contaminant Studies

UL U

Figure 3 illustrates the method when radiocactively tagged test dusts are introduced into

a test system.

The sensitivity of selected components to different types of contaminants can be studied
in vais way. To quantify the analysis and make a rapid, highly sensitive, and remote
detection technique possible, the gelected contanminants are irradiated to provide low
level radioactivity for tracing purposes. pifferent compounds could be selected to
provide distinct isotopes as a sracer for each particle size range of interest. Typical
examples are shown in Table 2. This 1ist is not complete; many bther types and particle

sizes are available and could be used if desired;

Since each isotope has its own characteristic gamma spectrum, it is possible to deter-

mine the particle size distribution remotely.

Another advantage -of the radioactive tracer technique is that it allows truly yuantita-
tive work to be performed. when test dust is added to a test system, some of it lodges

on the walls of piping and fittinga. Other dust or particles may be unavoidably present,

if for no other reason than because the test loop itself generates them. The radioactive ":

>

method ignores thece extraneous sources of contaminants and yet allows a correction for

i
3

unavoidable losses. 1f necessary, quantitative mass balances can be made by assaying




TABLE 2

SOME POSSIBLE TAGGED CONTAMINANTS
(Test Dusts)

PARTICLE SIZE

DESCRIPTION TAGGING ISOTOPE (microns)

Red iron oxide Fe-59 5.3 - 1.1

Molybdenum Mo-99 1 - 10 )
Na-24 10 - 50 ?

Glass_beads

(.-}
J
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the pipes and gittings until all of the test dust has been acc +d for.

Component Autotracer studies

Emphasis in this program has been placed on determining the contaminant generating char-

acteristics ofmrepresentative spacecraft components. Figure 4 shows a sketch of the

test procedute used for_these measurements,

The procedure requires that the component first.-be examined to determine which of the

gsources shown in Figure 1 apply. _ When +his step has been compieted, the appropriate

parts of the componént are removed and jrradiated tco ptovide.the.specific activity

needed for a test of given duration.
The specific activity to be used depends on the duration cf the test, the amount of

contaminant generated, the sensitivity of the detecting instrumentation, the shielding.

and health physics limitations, and applicable licenses and saféty regulations. In

geneéral an appropriate analysis by a qualified auclear engineer is required for each

test.

Monitoring by a health physicist during irradiation and testing is necessary to insure

that safety requirements and State and Federsl regulations are met. The health physicist

also monitors decontamination of the system, waste disposal, and personnel exposure

records. While the use of radioactivity imposes certain additional complications in the

they are by no means restrictive. Comparable measuzes ate taken to

{ng with most industrial processes

test procedures,

provide an adequate measure of safety when work

involving cryogeniz fluids, corrosive £luids, inflammable materials, &nd other potentially

hazardous agents. pesides, in genezel the amounts of radicactivity involved are dquite

small, and the risk of personnel expcsuie Or injury is negligible. Care must be exer-

cised principally to inisure compliance with the appropriaté-laws and regulations.

The autotracer method has a number of unique advantagés. First, contaminants can be

routinely detected with excellent sensitivity. Consider the following example:

Sensitivity of Method

An irradiated sample of 104 stainless steel, i.e., a pearing or structural part is
allowed to operate in a test system. The éenerated contaminants are trapped in a filter

or filters. The filters are then counted in a 3" x 3% Nal scintillation counter. The

equation which relates the filtex residue count rate to the irradiﬁtion and counting

parameters iss

—
- -
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A= M0 g @) M afy
n = 3" x 3" detector efficiency (35%)

W = Weight of contaminant, grams (106 grams)

= macroscopic absorption cross section
! p = . density of contaminant material

A = decay constant

+ = irradiation time (0.5 hr)

¢t = elapsed time petween end of irradiation and counting

]
[ ]

4 isctope in. element.

% elemeinit .in 304 s.S.

™
L]

= % ¥y ray output/diSintegration

Two irradiations are considered: 1) a half hour jrradiation with thermal neutrons

(Table 3) and 2) a half hour irradiation with 14 MeV neutrons (Table 4).. Fxamination

“ . of the tables clearly indicates that for both thermal and 14 MeV neutron irradiations,
the isotope Manganese-56 is produced in sufficient quantity to allow reliable detection
of a 1 microgram quantity of 304 stainless steel deposited on the filter. In addition,
the remaining isotope activities are orders. of magnitude below the Mn-56 activity, re=
sulting in no interference. The 2.6 hr half-life of Mn-56 is-sufficiently long to allow
h the counting te commence ag long as 10 to 20 hours after irradiation while retaining
sufficient gensitivity. However, after a few days, the systemwill have loat the activ-
ity due to decay of Mn-56. For example, after 3 days, the Ma-56 residue-still within
the system will ﬁave retained only 5 X 10-8 of its original activity, which is far below

. ™ any measuresble or hazardous guantity.

These calculations were made only for 304 agtainiless steel, but since all stainless steels

contain.similar amounts of manganese and iron, these calculations or similar ones could
be applied to all stainless steels. A similar approach would be used to evaluate other

materials.

pepending on the detection system, jrradiation time, and materials used, trace—quantities
as low as 109 graﬁ can hé detected accurately. Using low level sources, 1 microgram

(10'6 gram) sensitivities can be attained routinely using this method.

- -

particle size Distribufion "
The particle size distribution of contaminant particles can be estimated by using several .
filter screens with different mesh sizes. The relative count rates are proportional to

12 b
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Table 3

THERMAL NEUTRON IRRADIATION OF 304 SS
(one-half_hour irradiation)

8
Compo-
sition Y172 Ey 9th T W a Count
W/0 in Half Gamma Energy| Cross Ca_ Abund- A Rate
. Isotope | S. S. Life § Yield Section ) ance | Activity#® | per ugm
(Mev{%}) (barns) (%) (cps) (cpm)
C .08 | -- --- .- .- .- -- .-
cro0 18-20 | 27.8 days %éi% w6.0_ | 7.5x107? 4.3 7.8 15
", 64 '10
Ni 8-12 1 2.55 hr | 1.48, 1.11 1.7 | 2x10 1.16] 3.3 20
(29%) (1a%)
si3%(maxy| 1 2.62 h | 1.27 0.1 | e6.5x10°10} 3,09} 11.3 0.16
, (0.07%)
MO (max) | 2 2.58 nr | 0.84, 2.811 | 13.3 |1.1x107® | 100.0 | 182.0 3800
; (100%)
S (maﬂ) -03 -e eosa - LXK L X see se e
(maX) .n‘.S— - Ll LX) s aese re- PP
-- long low low ace .e-e aen .ea
fIsotope weight only.
Table U4
34 Me¥ NEUTRON IRRADIATION OF 304 SS
(one-half hour 1prudiation)
6 8
ompo- .
sition tllz Bv %¢h LW a Count
W/0 in| Half Gamma Energy Cross “a” Abund- A | Rate
Isotope S. S. Life § Yield Section ) ance | Activity*|per ugm
(Mev{3}) (barns) (%) (cps) {cpm)
cr3(n,p)vi2 | 18-20 | 3.76 m .- .07 1 .- aes ce-
158 (n,2n)Ni57] 8-12 | 36 hr |.127,1.32,1.89 .04 5.3x10" 31| 67.7 | 0.35 0.73
(1443 (864) (14%)
Ni1(n,p)co®t | 8-12 | 99 m | .072 .18 g.5x10- 11| 1.25{ 0.056 0.12
(1008)
513%(n,y)513? .- .- .e- .00049 “es .- .- .-
s34 (n,a)543% | 0.03 | 2.62 hr|1.26 .14 2.05x10°%| 4.27] 19.5 0.12
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2.3

the mass collected on each screen.

origin of Contaminant particles

By performing gamma ray spectroscopy, it is possible to determine the isotopes pre«
valent in each material used in a component. 1f different materials are used, for
example, in a valve body and seat, then the gamma spectra will reveai which material
is producing the contaminant particles an.. how much (relativelyl,each material geﬁer-
ates contaminants. The requirement for different materials is not an.absolute limita-
tion to the method, since tliere are other variables. For example, the same material
can sometimes be jrradiated for different times.or with different particles to empha-
gize different isotopes. Alternatively, the surfaces of specific parts can be coated

or alloyed with materials incorporating trace qguantities of appropriate isotopes.

Real Tite Measurements

Because the measurement technique uses penetrating gamma radiation, it is not necessary
to open the system and to remove the collection devices in cxder to measure the mass
of the contaminants. The measurements can be made remotely (e.c.. throuyh a pipe or
fitting wall) and continuously, while the componént or process is in operation. By
selecting the appropriate isotope, autotracers with vgheif-lives" ranging from hours to

years can be produced. Thus the test method is applicable to any ¢ime span reguirement

likely to be encountered in coifiponent testing.

A number of variations on the basic method are posqibléh_depending on the instrumentation
available and specific test requirements. T.P. 1 lists « typical test procedure based

on tha methods described above.
_Results

gystem Tests and calibration

System Tests anc === "===

The detector system used one or two chanpels, depending on the tests being conducted.
gach channel consisted of a detector (scintillation detector or Gl tube), ratemeter,
power” supply. and strip chart recorder. In some cases a single channel analyzer (pulsc

height discriminator) and timer-scalar were used.

The detectors were enclosed in specially fabricated shields and positioned adjacent to
flanges containing filter screens. Expedient shielding was placed around the irradiated
test component to reduce the background radiation level. The system was initially check-

ed out using an g pCi Cs-137 check source. Following this, it was tested by insertinq

14




about 8 mg of fine particles nf Au-198 into the test lcop and collecting them on a fil-

ter. screen. These initial tests demonstrated that the..system had adequat? s=nsitivity.

Figure 5 is a photograph of oue of the test loops showing detectors, instrumentation,

and the recorder.

Contaminant Tests

Several test materials were irradiated to determine their suitability for use with

radioactive tags. They included:
AC coarse test dust

AC coarse taest dust with iron pyrite
AC fine test dust

AC coarse test dust with-zinc sulfide
A cryogenic insulting material (POP)

Neutron activation analysis and gamma spectroscopy indicated that each of these mater-

jals contained trace elements suitable for use as a radioactive tag. All of the test

materials showed radiocactive Na-24 one day after irradiation. The tests indicated the

presence of other isotopes, including Mn-56, A1-28, and Cu-64. NoO attempt was made to

produce or detect long-lived radioisotopes for these tests.

Following these tests a sample of AC coarse dust was irradiated and then added to water

flowing in a test loop. The loop contained a 325 x 2700 wire mesh screen as a filter.

Data for a similar test using non-radioactive test dust were available from a previous

test.

Typieal results for one test are presented below:

Test dust - AC coarse
Add size - adds weighing 4 milligrams each

Run No. - 2
Screen - 325 x 2300
Component. pust mass (milligrams)
Filter screen 26.47
O-rings 0.48
Wiped from flanges 0.35
presume deposited in test loop _0.77
28.00

15
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Analysis of the test results led to the following conclusions:

The radioactive method gave the same results as obtained
previously using conventional methods. Cumparison was
based.on the pressure drop across the screen vs. the mass
of contaminant added. In the previous case the mass was
determined gravimetrically, while in the radioactive case
it was determined using the radiation detection system.

A careful investigation of the system revealed that sone
of the radioactive test dust was deposited on the internal
walls. of pipes, on the flange, and on O-rings used to sea!l
the system, and never reached the filter screen.-

Component Material Tests

Tegts were also conducted to determine the suitability of certain materials as auto-

tracers, sggg}ficallyﬂ;hose which might be used for valve seats .or.bearing cages in

cryogenic applications.

The materials tested under this portion of the program are shown in Table 5. The tests
indicated that isotopes such as Na-24, Cu-64, Mn-56, Si-32 and others were present in
every material. Figure 6 shows a typical gamma spectrum for one of the samples. Based

on the test results, it was concluded that the autotrace. method was also suitable for

ugse with these materials.

TABLE 5: COMPONENT MATERIALS

virgin Teflen

Xynar

Vespel

Teflon FEP

Nylatron GS

Kel F 81

Reprocessed Teflon

Nylon LP 410 6/6

Delrin _ , )
virgin Teflon, 25% glass-filléed-
Fluorogrecen E-680

Armalcn

Rulon-Jd

¢omponent Tents

several components were tested during the course of the project. Results are sunmarized

in ™able 6. Figures 7 through 10 show the components tested. Some highlights from each

test arc described in the following paragraphs.

golenoid va ves

ticensing .imitations prohibited work with high level induced activity, thus ceusing

the irradiation time to be relatively short. As the primary isotope developed was Mn-56

with only 2.58 hours half-1ife, the duration of the experiments was l1imited. 8till, it

was possible to detect 1ess than 50 micrograms of material from the second valve, demon-
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TABLE ©

COMPONENT CONTAMINANT GENERATION TESTS

. NUMBER CONTAMINANT
COMPONENT TEST FLUID | oF CYCLES|GENERATION DETECTION
Solenoid Latching N
Valve Water 5,000 Not detected
Solenoid Valve . Water. 10,000(a) <50 micrograms
_yvalve Assembly, aug- '
mented spark igniter LN, 1,700 4.8 milligrams
Hydraulic Actuator Hydrauiic fluid 5,400(b) 0.69 milligrams
Mil-H-5606
- Cryogenic beazingscc) LN, 240,000(d) 8§1.5 milligrams

NOTES:

(a) Test was rTun for 20,000 cycles total.
' coarse test dust was added during sec
activity was detected due to decay.-

(b) Actuator was cycled 3,600 cycles unloaded and 1,800 cycles with a

5§ 1b side weight.

(c) Bearings were operated in a

(d) Test terminated due to failure of one s

Forty milligrams of AC
ond 10,000 cycles; no radio-

bearing test assembly.

et of bearings. .

’”
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EIGURE 7: SOLENOID VALVLES

CAUTION

- FY

RADIOACTIVE
MATERIALS

ASI VALVE
ASSEMBLY

FIGURE 8: ASI VALVE ASSEMBLY
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CAUTION 1

A HYDRAULIC :
ied ACTUATOR

FIGURE 9: HYDRAULIC ACTUATOR

L CAUTION
AL

H . |
RADIOASTIVE | |
MATERIALS _ BEARING |

TEST ASSY

FIGURE 10: BEARING TEST ASSEMBLY L




strating the sensitivity of the method.

valve Assembly, ASY

This valve was unique in that it had a large aluminum body. To circumvent the high
induced activity which otherwise would have pbeen associated with jrradiation uf the
body, it was shielded to prevent neutron activation. A cooling period was used be-

fore beginning the tésts to allow the short-lived Al-28 to decay.

Analysis of the :esﬁlts.indicated that. 35% of the. contaminants collected were on. the
80 x 700 resh screen, while 65% was collectad on the. 325 x 2300.screen. Since the

dominant isotope was Cu-64, the contaminant is assumed to have originated from the'

wslve body.

Hydraulic Actuator

This was one of the most interesting tests because it was feasible to allocate the
diotiibution of contaminants betweén the body of.the actuator and the bushing. The
tests indicated that about two-thirds of the contaminarits came from the actuator body,

while the balance came from. the bushing. Figure 11 shows the mass of collected con-
taminants as a function of the number of cycles of operation. The coarse screen (80 x
200 mesh) had only 2.5% of the .otal mass; 97.5% of the contaminants passed through |

the coarse screen and were collected on the fine gscreen (325 x 2300 mesh) . f

pearings = ' . i

The bearing test was—also interesting in that it was the only test in which enough
contaminants wers_generated to nctivutu_thagpn-lina_maniggging system.

fy

“u,

Although it had been platined to operute the. bearings at 20,000 rpm for 3 houéa, after i
12 minutes of operation a sharp rise in activity was detected by tlie on-line monitor. '

At the same time there was an increase in the high frequency sound produced by the

bear ing test device and the tests were termiriated. Figure 12 shows the buildup of

contaminants as a function of time. H

Subsequent dnalysis indicated that approximately equal amounts &f contaminants were § !

deposited on the coarse and fine screans. a

Two sets of bearings vere used. One set had a Rulon-J cage, while the other had a
cage fabricated from K-monel The K-ponel was the only material having copper; andé coppcr

was the major isotope (along with Mn-56) detected. These results jndicate that it was
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" FIGURE 12: CONTAMINANT GENERATION =~ BEARING TESTS
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the K-monel cage which yielded the major portion of the collected contaminant, although

part of the contaminant was due to the Rulon-J cage and to the bearing races.

2.4 Conclusions

3.0

These tests have demonstrated the feagibility of using high gensitivity nuclear. tech-

nigues to study eontaminant genération in typical spacecraft comporients.

Tests have been conducted using test dusts, test materials, and_typical components.

The test results indicate that this method has several important advantages in addition
to improved sensitivi€y: identification of contaminant sources, on=1line measurements,
and freedom from interference by non-test item contaminants. Results c¢an be obtained

in a relatively short time ueing conventional_ggmmg_ggg.troscopy instrumentation and

radiation sources of moderate intensity.

GRAVIMETRIC i.NALYSIS TECHNIQUE

introduction

This section describes the technique for stadying component contaminant self-generating
characteristics in fluid syastems where the expected amcunt of material to be released
£rom. the component exceeds 3 milligrams. The method has been in use for many years,
but the inherent_limi%ations of accuracy have not always been recognized. These limi-

tations have been iisted in section 2.1 and are repeated belov.

Sensitivity is limited to 0.1 ~ 1.0 milligrams—

Discrimination between material generated by the test item
and material réleased by the test system is difficult or
impossible.

The test system must be opened to determine the amount of contaminant
collected.

Certain fluids such as hydraulic fluids may create difficulty in
obtaining accurate gravimetric results.

Extreme care must be sxercised to obtain accurate dry weight of the
contaminant coilection media before the teat as well as obtaining

accurate dry weight of the-media and collected contaminant after
the test.

The multiple handling of the media and coldected contaminant during
drying and weighing can easily lead to loss of contaminant.

Wheve relatively large amounts of contaminants are expected, and extreme accuracy is
not reguired, the gravimetric method of contaminant measurement is quite simple and

requires very 1ittle special equipment and a minimum of personnel training.

As only one component, & 3/4" ball valve with Teflon seats and seal wvas expected to
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3.2

3.3

generate a sufficient amount of material, the gravimetric technique was used on only

this one test item. .

Method

This method of evaluation of component contamination generation utilizes filter media
installed downstgfam of the test component in a test system simulating actual operating
conditions. As the test item is operated over a predetermined nunber of cyeles, the
test fluid flows through the component and carries generated material downstream where

it is trapped or collected by 2 filter medium.

The collection filter medium is carefully weighed neofore and after the test. The

weight.difference is repr#sentative.of the material coilected on. the fedium during the
test. Microscopic examination gubsequent to weighing will provide information regard-

ing the type and possible source of contaminant.

Ac the filter medium will collect all material larger than {es filtration rating regard-
less of source, it is necessary that the test system and fluid be cleaned prior to test-
ing a component. It is difficult to reimove all system contaminant, 80 the test results
are only approximations of the contaminant generated by the test item. For normally clean

gyetems, the lowef liniit of contaminant generation for which the gravimetric technique

wisl give the meaningful results ig approximately 3 milligrams.

A typical test procedure for this technique is shown in the Appendix.
Results

A 3/4" ball valve was tested for contaminant generation in two test systems, one using
water for the test £luid, the otlier using gas (nitrogen). A8 anticipated, a large quan~
tity of contaminent consisting entirely of Teflon shreds was generated by the.valve. in
the test using nitrogen gas, 30 milligrams of material was collected, whilc the water
test produced 60 milligrams of generated contaminant. The valve was cycled 1766 and

2700 times in the gas and water tests respectively. In both cases “he Teflon contaminant
consisted of shreds of material varying in size from 160 to 2000 microns long. Dis-
assembly and visual examination of the internal parts indicated all of the material came
from the stem seal which had extruded into the clearance space between the stem and body.
Rotation of the stem in cycling sheared the extruded 1ip of Teflon allowing it to drop
into the cavity between the ball and body. Further valve cycling then "swept® the

loose material intu the flow stream. There was no visible sign of wear or damage to

the main seals.




3.4 Conclusions

The gravimetric technique can. be used effectively when large amounts of contamiant
are collected. Undoubtedly some material from the flow system was also collectud on
the 10 micron screen, but the percentage error caused is reduced due to the large

amount of material generated by the component.

4.0 CONCLﬂSIONS.AND.RECOMMENDhIIONS

rthe nuclear irradiation.-~ autotracer measurement techniques for determination of.contam=
inant generation characteristics have beern proven to be practical and accurate. In ad-
dition to the obvious improved sensitivity of measurement_there are_several_additional

advanta. - over the gravimetric.meﬁhodt jdentification of contaminant sources, on-line
measurement capability, insensitivity to cor:aminants other than those originating in

the test item. Results can be obtained.ina relatively short time usihg conventional

gamma spectfoscopy.1nstrumentation and radiation sources of moderate intensity. ' H

It is recommended that for determination of relatively small amou:is of generatéd contam-
inant the autotracer technique be éemployed. For relatively large amounts of ‘contaminant

and where tlie system £luid can be filtered to a high cleanliness level, the gravimetric-

microscopic analysis method can be used.
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1.0

2.0

2.1

2.2

2.3

T.P. -1

TEST PROCEDURE -EOR
CONTAMINANT GENERATION MONITORING USING AUTO-RADIOTRACER TECHNIQUES

Scope
This procedure describes the test meth . nd equipment to be used in the.application

of. auto-radiotracex techniques in_monitoring contaminant generation in operating system
cofipohents. The general procedures'outlined nay be anrtlied, with appropriate modifica-

tions to any component in which contaminant generation is expected to occut.

Material fdentification and Activity Requirement

The first step in planning a contariinant generation test is to determine which parts

of the given compornent are expected to wear, the constituent elements present in the
critical parts, and the iaotopesband corresponiing half-lives which will result

¢rom irradiaiton. If the test is to be feasible at least one of the constituent ele-
ments must yield an isotope with sufficiently long half-1ife to allow completion of the
planned test and still yield measurable quantities of radioactive material. pased upon
this information, the jrradiation conditions (neutron flux and duration) required to
provide the desired monitoring gensitivity may be determined. The component parts
should alsoc be irradiated under identical conditions, to pe used lateras calibration

ytahdards in analyzing the test results.

Test eration

The irradiated parts are reassembled and the component is installed in a test.loop.
pownstream of the component a series of progressively finer mesh filter screens should
be placed. Test conditions should simulate actual operating conditions: system fluid,

pressure, $£1aw rate, temperature, cyciing rate, and total cycles. At each filter

position, a nuclear radiation detector (GM tube, scintillation detector) should be loca-

ted; éeach detecto:.having an individual meter readout and continuous strip chart channel
to record the count rate as a function of cycles or wear time. Replacement screens
rhould be prepared prior to the test to be used if needed. 7The component is then opera-

ted according to its operating specifications and the planned test procedures.

Measurement of Contaminant Generation

ed

On-line monitors can be used to continually measure the buildup of generated contaminant

29

-




DA

R

e

3.0

on the_filter screens. Using the irradiated calibration standards, the various detec-

tor channels may be calibrated to provide a direct indication of the mass of generated

contaminant being collected. Following the test, the filters are removed from the test

loop and are counted in a sensitive multichannel analyzer gamma spectroscopy system.

Analysis of Results

The on-line monitors provide an indication of the amount of generated contaminant being

collected on the_screens. The relative activity levels on the various.screens give an

jndication of the patticle size disiribution ~f the generated contaminants.

The results of the multichannel analysis provide a precise determination—of the mast

and nature of the generated contaminant. Comparing the screens to the ealibration

dards, one may determine the amount of contaminant being generated from each of sev¢

parts of the component being. tested. Quantities of material of 1 gm can be detected
this manner. This information may then be used to an

during operation and identify those parts whiich generate contaninants.

30
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1.0

2.0

2.1

2.2

T.P. -2

TEST PROCEDURE FOR

CONTAMINANT GENERATION MEASUREMENT BY THE GRAVIMETRIC METHOD

Scope
This procedure describes the test methods and equipment to be used in the application

of gravimetric technigues to the determination of contaminant generation characteristics

of components.

pProcedure

System and component Pregaration
Prior to cesting the component and the flow test system.must be cleaned to the cleanest

practical jevel. The cleaner the system and test £1luid, the more meaningful will be

the test results. The component should be cleaned to at least the level specified for
£1ight hardware. The £luid and test system may be cleaned by cizculating the test fluid
with a fine filter installed immediately upstream of the test item installation peint.

The "clean up® filter should have a glass bead rating of 10 microns oOr finer.

nollection Filtexr Preparation
The filter medium that will be used for collection of generated contaminant must be clean

and dry prior to weighing. The filters should be sized to collect all particles of in-
terest. Thus if particles below 10 microns in size are to be evaluated as well as lar-.
ger particles, the membrane type of media shoild be used. For particies above 10 microns
in size, one of thé various standard filter screens may be used in accordance with €he

following table.

To Collect Particles Use Following Medium

Above Size Shown

10 Microns 325 x 2300 Twilled Dutch Double Weave
20 Microns 2 x 120 x 650 Plain putch Single Weave
40 Microns 80 x 400 Plain Dutch Single Weave

100 yic:ons 30 x 150 Plain Dufch Single Weave

After cleaning and drying the filter medium the filter cloth is weighed to the neare «
0.1 miiligram and installed in a suitable holder.

Test Operaticn
The test item is mounted in the fluid system with the pre-weighed collection filter

mounted as close as practical to the component outlet. With the test fluid flowing

31
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through the test system the component is actuated for a predetermired number of cycles

in accordance with its normal operating,specitication and planned test proce: ure.

Analysis of Results

At the conclusion of the test, the collection filter medium is carefully removed from

its holader and dried to a constant weight. The di fference between the pre-test .nd post-

test weight is representative of the amount of contaminant generated by the test compon-

ent. Further analysis—of. the type and size distribution of the generated material may

pe conducted using normal microscopic techniques.
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CONTAMINATION GENERATION STUDIES

SPECIFIC TEST DESCRIPTIONS

TEST NUMBER: 1

TEST ITEM: Parker Solenoid Operated Latching Valve

1.0

2.0

_Procedure

Scope

The purpose of this test was to determine the coritamination generation characteristics
of a-solenoid operated isolation valve. The test item.was a solenoid valve manufactured
by Parker Hannifin and used on theé RCS system of the Apollo CSM. The ﬁest itag designed
to.determine.the contamination. generation rate of the Parker valve as 1 function of the
nutber of cycles of valve .operation in » flowing liquid test system. 1he test procedure
involved irradiating the valve and then tracing radioactive material worn from the valve
in a test flow loop. by collecting particles on four filters arranged in series. For

this test, no attempt was madé to study specific parts of the valve (i.e., the valve

seat).

qhe entire valve was irradiated for 30 minutes using a neutron generator having a yield
of 1011 neutrons per second at an energy level of 14 MeV. A gamma spectrum of the valve

was then recorded and is shown in Figure l-1.

The irradiated valve .was installed in test loop containing a pump, flow control valve,
and four grades of collection filter media mounted in series downstream of the test
{tem. The collection filters consisted of 3 stainless steel wire cloth discs and a
Millipore 5 - mictfon membrane £{lter. The mieron rating of the collection filters was

as follows:

.

LOCATION TYPE MICRON_RATING (GBR)
lst Filter 80 x 700 TDDW 40 Microms
2nd Filter 165 x 1400 TDDW 20 Micrens
3rd Filter 325 x 2300 TDDW 10 Microns
4th gilter Millipore Membrane S Microns

A Geiger - Mueller- tube was placed in a fixed position to monitor the Millipore filter,
while a scintillation detector with adjustable positinon was used to monitor the 3 other

filters.

A control system was provided to automatically cycle the solenoid-actuated test valve

snd to count and record the number of cycles through which the valve had becn operated.

33
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The test fluid was deionized water pre-filtered to 0.45 microns.
Figure 1-2 shows the test system schematia.

Background radiation levels were measured at the four filter positions before4va1ve
cycling was.initiated. Then, in increments starting at 20 cycles and ranging up to
500 cycles, the valve was actuated. Following each valve cycling increment, radiation
levels were measured at the four filter positions and recorded on a six-channel Sz:korn
recorder. The flow rate was held at 4.0 gpm throughout the experiment and the systenm
pressure was recordedmjustnbefore.e;ch.Valve cycling. The millipore filter was replaced
twice during the expeximentalvrunz at 1800 cycles and at 3000 cycles. The -valve was
actuated €hrough 5000 cycles with data taken at 37 points.

pata collected s~hroughout the run ghowed no gtatistically significant variations in the

count rate at any of the four filter positions. This indicated that no radiocactive

material was being worn off the valve during cycling. this £inding was confirmed fol~
lcwing the test in which the valve was cycled 5000 times. When the filters were removed
from the test loop and counted in a shielded counting pig, no activity levels signifi-

vcantly above bLackground were detected.

It was noted that as the run progressed, the pressure drop in the system continually
increased. Each ¢ime the millipore filter was replaced, the pressure drop decreased

to its initial level of 107 psig, (Figure 1=3), but increased again a= the run proceeded.
The maximum pressure drop reached was 142 psig. This indicated that gomiething was-being
trapped on-the millipore éilter, either dirt from the system or non-radicactive material
being worn from the valve. The latter is a definite possibility since the valve seat

is made of teflon which is not deteéctable by this technique. Visual inspection of the
millipore filters clearly showed that something was being trapped on theém. Micrescopic
analysis of the material trapped on the filters was performed to determine the nature

and the source of the material which was trapped on the filters. A description of part-

jcles found follows.

Microscopic Analysis of Filters

Analysis of material collected downstream of irradiated Parker propellant valve, tested
June 29, 1971.
80 x 700 Screen (40p) Filter Number 1

MATERIALS 8I12E

Plastic Fibers $0 x 740 Micron

n
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vartic’es
Orange Colored
Bright Orange, plastic-like

pull Grey Material

Clear Teflon Shreds 479 x 250 Micron

Copper Colored Material 190. x 125 Micron

Lemon-Orange Plastic 150 x 100 Micron

Concentration of particles = Including:

Fibers, Teflon, Grey Slag, Clear Plastic,

Red Colored Spongy Material; Copper COiored Material

165 x 1400 Screen (20 Filter Number 2

MATERIALS 8I2E

Ruby Colored Transparent

‘Milk Colored plastic Globule 250 x 190 Micron
(square with rounded corners)

Fibers 500 x 12 Micron

copper Colored Material 125 x 60 Micron

Tén Plastic 190 « 125 Micron

Metal Sliver (Burned colors are blue, red, 430 x 100 Micron
amber, yellow)

Grey Metallic 250 x 190 Micron

Brick Colored - Sharp Corners 125 x 100 Micron.

r
(several were noted within small region)

325 % 2300 Screen (10u) Filter Nusiber 3

S ATERIALS S1ZE. o oo

Copper Colored

Black, Charcoal-like - 260 Micron
Grey Colored

plastic Fiber 300 x 25 Micron

Millipore (5 Mi ‘ron) = Filter Number 4

gsample Number 1 1200 Cycles, Millipore Broken
Many large shavings of grey metallic-like appearance,

some smooth metallic particles - copper colored gold

sample Number 23 3000 Cycles
Metallic (250 Micron)

Ccharcoal-like cluster (600 x 500 Micron)

kL]

also

or brass colored

a-
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Predoninance of silver colorecd shavings, (Metallir}

Plastic (125 x 60 Micron)

Sanmple Number 3: 5000 Cycles

small amounts of grey metalli:> particles

Shiny metallic particles

Plastic

Bronze celered material

Conclusions

As the predominance of material found on-the filters consisted of plastic tyﬁe particles
there.is an indication that.the Teflon seat of the valve is the probahle szouxce. The
jrradiation level of the valve was such that :lie seat material would not have become
active enough for detection by the gamma ray noniters. The absence of indications of
radioactivity on any of the four ‘filters shows that the metallic particles observed in
post-test microscopic analysis originated in the test gsystem and were probably generated

by assembly of threaded connections.

The combination of microscopic analysis and nuclear detection technigues shows the abil-
ity to detect the gener .tion of non-radioactive material {by visual observation) and to
discriminate between metallics originating .n the test system itself (non-radioactive)
or the test iten {radiocactive). The organic particles caitiot definitely be proven to
have originated in the valve seat, but their presence in the collection screen gives

cause for_further investigation of the seat. wear characteristics.

Although the system was cleaned prior to the. test, the violent shaking of the system
causéd by water - hummer with valwe shut off at 4 gpm flow will dislodge particle:s trap-

ped in crevices within the test loop. The advantages of being able to discrimina'e

between these particles and thuse origirating in the test article are ebvious.

a-
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FIGURE 1l-1

- GAMMA SPECTRUM = TRRADIATED PARKER VALVE
30 MINUTES FAST NEUTRON IRRADIATION
ON JUNE 8, tn = 1050
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FIGURZ 1-2

Contanmination Generation Test System Schematic

/'“\
.\
R i
‘I
_ / P HV=
T © .
C
Test Item
F-1

R - Reservoir

P - Pump
HV. =1 = Flow Control Valve

F-1 - Collection Filter 80 X 40O Twilled Dutch Double Weave (LOm)

F-2 - Collection Filter 165 X 1L00 Twilled Dutch Double Weave (20,4
F-3 - Collection Filter 325 X 2300 Twilled Dutch Ncuble Weave (1q,0
' (50)

F-L - Collecticn Filter Milli;ore Membrane
pD-1 - Geiger Mueller Tube Detector

D=2 - Scintillation Detector Movable to 3 positions
DP-3 - Differential Pressure Gage

C -~ Contrcller

Rec - Six Channel Sanborn Recorder
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TEST. NUMBER: 2 .
fEST ITEM: Rocketdyne J-2 Augitented Spark Igniter (AS1) valve

Scops
The purpose of this test was to determine the contaminant genérating characteristics

of a Rocketdyne pneumatically operated Augmented Spark Igniter (ASl) Valve as used on
the J-2 rocket engine. The valve is designed-for use in 2 cryogenic system (LOX) and
the test was conducted by cycling the valve in a flowing systvem of liquid nitrogen.

A cross-section drawing of the valve is shot.a in Figurte 2-1.

Procedure

The valve was tested under cryogenic conditions using iiqgid nitrogen as the test media.
The valve was leak tested prior to the flow ;ctuation test, cycled through 1700 cycles
with 100 psig inlet pressure an and leak tested again at the conclusion of the test.
During the "valve opzn” pottioﬁ of each cycle thé liquid nitrogen flow rate was approx-
imately 9 gpm. particulate matter generated by the valve was collected oh two downstream

€iltérs of—40 and 10 microns. glrss bead rating and measured using autotracer techniques.
The procedures followed in testing the Rocketdyne valve—included the following stepsi:

i. .Disassembly of the-valve and fabrication of parts to facilitate
quick réassembly.

3. 1Irradiation of the critical-wear comporients of the valve.

3. Reassembly of the valve.

4. Leak testing and valve cycling with an flow followed by leak
tésting.

5. Analysis of the test results.

-

Care had to be taken in disassembling the valve to prevent damage to the valve bellows.
The critical parts of the valve were identified as the valve body and the seat and
poppet assembly. in order to remove these parts, it was necessary to cut gseveral welds.
To eliminate re-welding the valve before testing, assembly brackets were designed and
fabricated. These brackets provided leaktight sealing of the valve without the need

for weiding upon reassembly.
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the valve critical to wear, the seat and stem_were surrounded by cadmium. This left..
exposed only the seat and stem and that portion of the valve body immediately ¢ _rround-
ing. these parts. The cadmium shield effectively reduced- the mass of aluminum ~xposed ..
to the neutron flux upon irradiation from approximately 1000 to 100--gm. Based upon
the activation calculations and the flux depression considerations (presented in the
following vpre-Irradiation Activity Calculations") it was concluded that activation of
the components in the thermal column of- the UCLA reactor for 1 hour at 100 Kw, and at
a point where the normal undepressed flux is 5 x 1010 n/cm2 sec, would yield a total
activity (after a 1 hour decay period following reactar ghutdown) approximately equal
to 9.5 mCi, the activity limit permissible by the license under which the test was
performed. The actual activity attained was measured to be apptoximately 7 mCi upon

removal from the raactor, 1 hour after the reactor had been shut down.

Following activation of the body, seat, and stem the valve was reassembled and instal-
led-in. the test loop. As indicated previously, the reassembly was facilitated-by the
special brackets which had been fabricated earlier. THis simplified reassembly method
(rather-than re-welding the valve) was beneficial in two ways: €iyst, the reduced assemr-
bly time resulted in less decay time and subsequently a higher jnitial activity level

at the start of the test; second, due to the reduced timé required to reassemble the

valve, personnel exposures during this operation were also reduced.

The assembled valve was installed in the test 1oop which consisted of a bank of dewars
containing LN, upstream of the valve. Downstream of the valve were installed an 80 x
700 mesh screen, a 325 % 2300 mesh screen, and a vent. The valve actuation mechanism
was a remotely controlled pneumatic system. A solid-state scintillation detector placed
in a collimating cﬁield was located at each filter position. additional lead shielding
was placed around the activated valve to further reduce the background level at the

¢ilter positions. fFigure 2-2 shows the test system in the operating mode.

The valve was then operated through 1700 cycles with 100 psig inlet LN, pressurc and 9
gpm flow while open. fFollowing the completion of the test, the two screens were removed

from the test loop and counted using a gensitive sodium fodide scintillation crystal and

e 22 mnAdAu wnYrn
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is shown ia Figure 2-5, The count rates for the two screens and background w°re as

follows:
86 x 700 screen 514 counts/40 min.
325.x_2300 screen 676 counts/40 min.
Background 326 counts/40 min.

The net count rates are therefore,

80.x 700 screen 188 counts/40 min. = 4.70 cpm

325 x 2300 screen 350 counts/40 min. = 8.75 cpm
?hese count rates were determined from the integrated counts under the Cu-64 gamma
peak-which was the predominant peak in the gamma spectra. The two screens and the
standard were counted with in a period of 2-3 hours. compared to the 12.8 hr. half- -~
life of Cu-64, little relative decay occurred-between the samples counted over the
time reguired to complete the three eounts. The results may therefore be directly

compared without correcting for radiocactive decay.

The activity standard consisted of 1.5 mg of material taken from the activat=d valve
body. 1In a 40 minute count, this sample yielded 493 counts, or 167 counts/40 minutes =

4.17 cpm_abuve background. The specific activity of the standard is therefore:

4.17 cpfi = 2.8 CSPR
mg

Using this specific_activity and the-count rate data presented, the amourits of generated

contaminant collected on the screens are given by:

4.70 cpm
80 x 700 screen: 575'33%755'” = 1.7 mg
8.75 _
425 x 2300 screen: TTE%%?EE— = 3.1mg

The two screens were weighed before and after the test, yielding the following amounts

of material collected on the filtera during the tast:

80 x 700 screen: 2.4 mg
325 x 2300 screent 1.2 mg

In the case of the 325 x 2300 screen, there is an apparent discrepancy between the weight
of material calculated by gamma ray radiation and simple gravimetric analysis. 1t would
be not surprising to find a largc. weight by gravimetric analysis as all material col-

lected from the system jtself would be included. The lesser weight by gravimetric deter-

mination is attributed to handling loss between <he time of gamma analysis and final

Y W
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10 microns in diameter, dark silica-like material, metallic particles up to §0 microns

in size, and several white plastic appearing particles up to 100 microns.

The preliminary_gamma spectra disclosed the_presence.of copper - 64 created from the

coppet. constituent (.15 to .40 percent) in the.6061 aluminum body. This material was

apparently ngcuffed” from the body bore by the sliding chrome-plated poppet.

Internal leakage tests conducted on the A.S.I. valve using nitrogen gas at 100 psig

ghowed the assembly to be "bubble tight" both pefore and after the test.

Conclusions
This test demonstrates the feasibility of using radioactively tagged components to

fmeadure contamination generation of critical componenté in more complex systems.
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ORE-IRRADIATION ACTIVITY CALCULATIONS

Rocketdyne ASI Valve

termine the potenti?l activity and xaquired irrad-

The details. of the calculations to de

jation time for the valve seat and stem .are shown in Table -1, and the calculations

gor the valve body are shown in Table %-2.

Total activity obtained irradiating both components at the same pein% in_the thermal

column is given as:
47.1 mCi = Valve.seat and stem

6.1 mci  Valve body

$3.2 mCi Total (after 1 hr decay)

This. value of 53.2 mCi is based on the flux in the thermal column .with no flux depres-

The valve body will be wrapped in Cd which will
aftér 1 hour will be 10 mCi (approximately

sion. depress the flux. Assuning a

flux depressi
the radioactive materials licernse allowable limit).

irradiated parts may be left in the reactor £oi more than vne hour before tran

the irradizted material if the parts

rhis is only an estimate. The
sferring

come out of the reactor "lotter" than expected.

Imnediately after 1 hour irradiation, the total activity is calculated to be:

94 mCi body
65¢ mCi seat and sten
750 mCi

the dede rate is also calculated to bes

75°“‘°1 r—é‘ﬁ?or D = 4.5 R/NE

i.e., thée dose raﬁe inmediately after irradiaiton_for 1 hour-will be 4.5 R/hr. It is

therefore suggelted that the valve be left in the reactor to decay for 45 minutes after
By tha: time, the short half-live 1sotopesvw111 tiave decayed and it will

trradiation.

be possible to estimate how much additional decay time is necessary before the material

may be transferred.

a4




TABLE 2:1
ROCKETHYNE ASI VALVE P/N 308880, VALVE BODY PRE-IRRADTATION CALCULATIONS

(Valve. body - 100 gn_ 6061 AL t=1hr 4= s x 10'%)
n | M g th/e. B¢ Y A |yesctivit e A
(gm) |(gm/gmole)|(x10**cm?)| (hT) (uCi) (%) (uCi)
81-31 100(0.08)(0.03)  0.24 30 0.10 2.62 | 0.232).46x10° 0 p.76sh.12x10%*
Fe-59 100(0.07)(0.0033) 0.023 58 1.2 [r080 + 0 0 - I 0
Cu-64 100(0.004)(0.70):  0.28 63 4.76 | 12.8 |0.053p.45x10% 0.5 .9473.95x10%
Mn-$6 100(0.0015)(1.00): 0.15 55 13.3 2.58.1 0.235 100  10.7655.20x10°
Mg-27 100(0.012)(0.11):  0.13 26 0.3 0.16 | 0.987 100 r.oxs .50x17?
Cr-s1 100(0.0035)(0.0043): 9.0015f 50 16 648 ~0 - I
n-69 100(0.0025)(9.186): 0.046 68 1 .87 | 0.58 0 o.4s
¥ Ti-S1 100(0.0015)(0.053): 0.008 50 5.3 0.083 1.00 100
Cu-66 100(0.004)(0.30):  0.12 6$ 1.9 0.085 1.00 9
A1-28 100(0.96)(1.00):  96.0 22 0.23 0.03§ 1.00.5, | 100
TOTALS: s0x10°%
NOTES: ~all B

The folloxing is the e

all &

b

' . .

+ Activity at removal from thé redctor
1

y-activity after 1 hour.irradiation and 1 Rour decay

Awct) = Bt et o

377’%?157

quation used to cslculate tho activities:

TABLE 2-2 ~ )
ROCKETDYNE AS1 VALVE P/N 308880, VALVE SEAT AND STEM PRE- IRRADIATION CALCULATIONS

(Valve geaz snd stem - 100 ga A-286

te1lhr —¢=%x 10

n M g ti/s 1-0"* A activity) o™ A
(om) ltgn/gmorerfcxr0¥eenty] (hE) ey | (uCt)
Mn-56 100(1.00)(0.0135): 3.35 55 13.3 2.88 l6.235 [6.10x20%  iuv0 0.7658.66710"
si-31 | 100(0.03)(0.0095) 0.028 30 0.10 2.62 l0.232 1.70x10% 0 0.76801.31xi0%*
Cr-S1 | 136 (0.0043)(0.15): 0.06 50 16 648 A0 ¢ - .- 1 0
Ni-6S | 100(C.0116)(0.26): 0.30 64 1.7 2.55 l0.235811.54x10° 43 0.7621.17x10*%
Ti-51 100;0.053)(6.0215)0.11 50 5.3 0.0831.00 [9.24x1b? 100 0 0
v-sz. 100(1.00)(0.003): 0.30 51 4.9 0.0621.00 12.33x10% 100 0 0
A1-28 | 100(1.00)(0.002): 0.20 27 0.23 0.0381.00 [1.33x10% 100 0 0
" Mo-99 100(0.24)(0.0125)% 0.30 98 0.4 66.6 [0.01 0 -e— J0.99| ©
Mo-101} 100(0.10)(0.0125): 0.12 100 0.20 0.24 l0.95 [1.85x10%] 100 0.05| 9.25
Fe-59 |200(0.0033)(0.55): 0.18 58 1. 1080 ~0 0 . Lo
TOTALS : .37x10°F F.71xxo'1
NOTES: ~all 8 '

$71% B

[ ]

]

4+ Activity at removal from the treactor
|

y-activity lit‘r 1 hour irradiation and 1 hour decay

The following is the equation used to calculate the activities:

Aty =+ BNRS (1-0) -yl

4
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Chromium Plated A-286 CRES

Pneunatic Inlet
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FIGURE 2-1
BOCKETDYNE -2 ASI VALVE ASSEMBLY _(P/N 308880)
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TEST NUMBER::@ 3
TEST. ITEM: Snlenoid Actuated Propellant Valve

2.1..Scope
Thc .ufpose of this test was to determine the contaminant generation characteristics

of a .Marquardt Valve, p/N T-12327 S/N 010, as_a_function of the number of cycles through
which the valve has been operated. The test was designed to simulate certain. typical
operating conditions of flow_ and .pressure. Some. typical ambient conditions, i,&. temp-
erature, fuel (water was used), acoustic noise level, and vibration, were not simulated.
The test vas conducted for_the ma. .«aum design operating lifetime (20,000 cycles} of €he
valve. fthe valve was leak tested before, during, and after the tests. The conitaminant
generation wag monitored, using auto-radiotracer techniques. The-first 10,000 cycles
used clean test fluid (water) while the second 19,000 cycles were conducted with fluid

contaminatéd with AL Coarse Tesnt Dust.

2.2 Procedure
The procedures follow 'd in conducting the contaminant generation study are shown in
the attached Test DPlan. The valve components (spring, spring endcaps, poppet, and the
valve seat and base) were irradiated for one hour at a flux of 1.5 x 100 n/cm2 - sec.
This yielded a total activity of 9.5 mCi, almost all of which was Mn-56 from the steel
components. The Fluorogreen seat, estimated at less than 1% of the total mass of mat-
erial irradiated, yielded relatively little activity. Gamma spectra for the various
valve components_ irradiated are shown in Figures 3-1 through 3-4. The activity calcu-

jation follows the Test Plan.

Follaving the ifraqiation and reassembly of the valve, the valve was installed in the
test iocp and tested as outlined in the Test Plan. A Nal acintillation detector system
was used to monitor the three fiitern as the valve was cycled. Data was zontinuously
recorded usipy a strip. chart recorder. Aftei about 6000 cycles, the test was temporarily
stopped to relocate the valve in the test loop farther away from the three filter pos-
jtions. This was done 80 that more shielding could be placed between the irrau'ated 5 ¢
valve and the scintillation detector, thereby increasing the sensitivity of tlie detector
to any activity buildur on the filters which might be occurring as the result o valve
wear. Foliowing the relocation of the valve, the test was resvmed and carried out to

completion accoruing to the teat plan.

2.3 Results-and Analysis
Valve wear was detected when the filters were removed from the test loop and counted

using a 3 inch NaI seintillation crystal and counting system. The filters were counted

50
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TEST PLAN

pDisassemcl2 ané claan the valve.
1dentify the types of motion.
a. Sliding - poppet, body, spiing, and spring end cap@.
b. Impaci - seat and base.
Identify the materials to be irradliated.
a... Spring - Inconsi 708
b. Armatvce - 446 CRES, electrolyzad Cr snrface -
c. Seat - Fluorogreen (3lass-filled TFZ)
Irradiate. the valve compolents for 1 hr at 1 Kw (flux = 1.5 x 100 n/cm?-sec).
Clean and reassembile the valve.
Weigh filter screens and installi them downstream of the valve (in this ordsr):
a. 80 x 700 square mesh or equivalent
b. 325 x 2300 squate mesh or equivalent
c. Millipore pad (5 microns)
Ingtall the valve in the test loop.
parform an acceptance test:
a. Run_20 cycles dry (no £low)
b. Run 180 cycles with flow
¢. Flow conditions:
(1) 180 psi back pressure with the valve closed.
(2) 0.88 gpm (water) at 17 psi with the valve open.
Operate ﬁhé valvé through 10,000 cycles with flow (flow conditions as described
for the acceptance test).
Remove the filters and replace them with similar, preweighed filters.
count the firef set of filters using a 3" Nal scintillation detector systém.
Run 10,000 cycles with flow adding & total of 40 mg of AC Coarse Pust according
to the following .ichedule:
a. Add 2 mg and operate 500 cycles for a total of 10 adds (20 mg) and 5000 cycles.
b. Add 4 mg and operate 500 cycles
fotals: 24 mg and %500 cycles
c. Ada 4 .mg and operate 500 cycles
Jotals: 28 mg and 6000 cycles
d. Add 2 mg and cperate 1000 cyrles
Totalu: 30 my and 7000 cycles

L}
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13.

14.

e. Add 4 mg and operate 1000 cycles

potals: 34 mg and 8000 cycles
€. AAdd 2 mg and operate 1060 cycles

Totals:. 36 mg and 9000 cycles
g. Add 4 mg and operate 1000 cycles

TPotals: 40 mg and 10,000 cycles
terminate the fest at 20,000 cycles; 10,000 without dust and 10,000 with dust
additions. Leak. test the valve....

Remove. the second set of screens and count, using a.3" NaI scintillation detector

system.

15. Weigh both sets of filters.

!
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!
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ACTIVATION OF VALVE. COMPONENTS

(1_e"0-693t/tk ) (f) x mi
3.7 x 107 dps

Activity - mCi

Mass of sample irradiated - gmt

Neutron abszorbtion.cross seciton - cm?/atom
Neutron. flux ~n/cm? - sec—

Avogadro's nunmber - ohsnza_x_lozf atomsi/mole
Molecular weight

Half life

Abundance of specific isotope

Irradiation time

of stainless steel are to be irvadiated. 56Mn will be the only
an appreciable extent,
2.58 hx

45 gm
0.02

$5 gm/ghole

-~ 33 x 1024 cm2/atom

Irradiate the material for one hour at 1Rws

1Mhr
1.5 x 1010 n/cm2-sac

A= (45) (13) (1.5x10101(0.6023) () _4-0.693/2.58 ) (0.02)

55(317x10’)

A = 5.20x10) (1-€~0-268)
A = 5.20x10%1(1-0.76%)
Aw 12.2 mCi
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in a haavy lead shield, thus minimizing the iifluence of the natural background radia-
tion. The two sets of filters_were counted.within two hours of the respective pdirts

of the test. These times corresponded to_approximately 13 and 19 hours, .respectively,
from the time the parts had been.irradiated. Gamma spectra.for the six filters counted,
backgraund, and.a calibration run are_shown in Eigures 3-5 through 3-12. Table 3-1
summarizes all the counts_that _were taken.

Analysis of the f£ilters in this manner.yielded the following résults: the. activity on
the 325 x 2300 screen from the_first part.of the test was 830 cpm. above background
(Pigure 3-8), the activity on the Sp millipore pad was 554 cpm above background (Figure
3-5), and no activity wes detected on the 80 x 700 screen from the first part of the
test. These count rates are corrected for decay back to the time of removal from the

reactor.

A 0.05p Ci Cs-137 source was use.! for an approximate calibration of the counting sys-
ter: Cs-137 having a gamma peak at 0.67 MeV, approximately the same energy 18 the Mn-56
peak at 9.84 MeV, and the two peaks being of approximately the same width. Using the

‘derived calibration in terms of cpm/uci and the initial specific activity of the irra-

Jdiated parts, 10 mCi Mn-56/45gm, the following amounts of generated coataminant collec-

ted on the firsc set of filters were estimated (corrected for decay):

80. x 700 screens 0-
328 x 2300 screen: 22. Tugw
Millipore-pad: 15. 4pgm

No activity was d?tectad'on any of the second set of £ilters. This could indicate
that no wear occurred during the second part of the test. However, it would seem that
addition of the AC coarse dust during the second part of the test would enhance the
wear Of the valve. Therefore,.a more prcbable explanation is decay of the Mn-56 fol-
lowiig the second part of the-test. Due to decay of the Mn-56, the levels were too low
to be detected. At the time the girst set of filters was counted, the activity on the
325 x 2300 screen and the millipore pad was 23.3 and 17.7 cpm above backgrouad; res-
pectively. The second set of filters was countsd six hours, or about two half-lives

of the Mn-56, after the first. Thus, assuming & builiup of generated contaminants

on the secund set Jf gilters similar to that found ori the first set, the activity level
would be down by a factor of four, or only 4-5 cpm above background, which is not detec-
table with any degree of statistical reliability. Thus, while it is expected that some
wear did occur during the second part of the test, the wear was too slight and the

gremaining activity level too low for the buildup of generated contaminants on the second

- -
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Because of the low levels of activity collected on the filters and the relatively high
background radiation levels at the filter positions due to the proximity of the radia-
ted valve, buildup of generated contaninants on the £§.1!;e:s was not seen with. the on-
line detector. The relocation of the valve and the placenent of additienal shielding
between the valve and the monitoring positions led to a significant reduction in the
background.level, put the overall.system sensitivity was still such that the slight
amount of contaminant buildup on the filters could not be seen on-line. Another fac-
tor which caused difficulty in monitoring the wear on~line was that the total. activity
was primarily from Mn-56, which decays with a relatively short half-life of 2.58 hr.
Thus while it is expected that wear continyed throughout the test, it became progres-

sively more difficult to detect the activity buiidup en the filters.

To verify the prelimindry estimates of. the weight of generated mateérial collected on
the screens, .a small sample from the poppet was irradiated under conditions. nearly iden-
¢ical to the initial irradiation. This provided an accurate calibration of the count*
ing system. Using this calibration and theé count rate data previously collected for

the wear test, tlie amount of material collected on the filter was more accurately deter-

‘mined.

The small sample of material (32.6 mg) from the poppet of the valve was irradiated with
neutrons using a nuclear reactor... The. conditions of the irradiation very closely approx-
imated the conditione of the initial valve irradtation. The. irradiation parameters and
the activation calcutations are presented in the section “Activation Calculations” which
foliows. The acgivated.sample was counted-using a 3-inch Nal scintillation crystal and

' multi~channel analyzer counting system. The ‘fesults were used as a standard to which

R the previously obtained results were compared in order to determine the amounts of gen-

erated contaminants collected on the filters.

The specific activity of Mn=56 in the irradiated prepared standard sample was 1.20 x 107
cpm/gm (at removal from the reactor}. The following are the previously obtained activity
levels (corrected for decay to the time of removal from the reactor) detected on the

filters:

. #1 - 325 x 2300 screen §.20 x 10 cpm
#1 - Millipore pad 5.54 x 102 cpm N
Using these data and the specific activity of the prepared standard, the following amounts '
of genezated contaminants collected on the filters are calculated: \’
#1 - 325 x 2300 screen 27.8 micrograms |
#1 - Millipore pad 18.7 microgiams ,




L mme et meea e e - -

These values compare with the previously presented estimates of 22,7ugm and 15.4ugm for
the screen and millipore pad,_respectively. The differences between thé valuxs calcu~
jated here using the gtandard prepared from the valvq poppet and those calcula”ed earl-
jer using the Cs-137 source are 20%. .This difference is most likely due to slight de-

viations in the_flux in either the first or both the first and second irradiaticns at

2 A

the points of sample placement from the anticipated flux levels. In addition, the Nal
crystal has a slightly different efficiency for counting photons depending on.the enargy
g of. the emitted gamma ray. For the limited number of saniples available, a reasonable

h estimate of thé.mass of denerated contaminant collected on the filters is made by aver-
_ aging the two values calculated for each filter:

3 .. #1 - 325 x 2300.screen 25.?pgm_

f #1 - Millipore pad C 17.04m

A precic= determination of the amounts of generated contaminant collected on the filters
may be made by irradiating the standard sample under conditions identical to the condi-
tions of the original valve jpradiation. The critical parameter in obtaining results
which are precisely comparable is the integrated neutron flux which.must be the same
for both irradiations. The first irradiation was performed at 1 Kw, and the second at
100 Kw; alsc, the beam port used in the ¢irst irradiation could not be used for the

second irradiation therefere approximates, but does not duplicate, that of the first

ir:idiation.

The power of the activation analysis techniques foi quantitatively detecting minute
amounts of wear of spacecraft propulsion system_components. has becn qiearlg_ﬁgmohét:ated.
Quantities on-the order of 20 gm would be imnpossible to determine with conventional
techniques. This il particularly true vwhen one considers the strong possibility of con-
taminants from the fluid. tuvbing, joints, and other parts of the test lodp being deposit-

ed on the filters.

3.0 Conclusions
Thié test demonstrates the teasibility of using radioactively tagged components to mea< ¢
sure wear. Bven though the wear that took place in this short duration test was extremely '

small (about 38.1 micrograms were detected), the method was sensitive enough to detect

this trace quantiéy. iIn subsequént tests other techniques will be tested for extending

sensitivity of "on-line" monitors. ‘a

It is interesting to fote that the pre-weighed screen sampler showed a "pickup” of 0.004 I\‘
grams of contaminant aifter the initial 10,000 cycles of operation in the clean system. :

Apparently, the material was shaken from the system during cycling as the detectors show-
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ed only 0.000038._grams of material released.dirently attributable to the valve. Yet
under normal methods of testing the erxoneous conclusion could be drawn that the 0.004

grams of material had come_from the valve.

similar results obtained .after weighing the £ilters at the conclusion of the contamina-
tion cycle test showed.a collection of 0.0392 grams (0.004 grams of contaminant were
added to_the system), yet the_detectors indicated that none of the material originated

in the valve.
The measurement.of particle generatibn by components using nuclear tracer technigues.
appears to be quite feasible and appropriate even under extremely contaminated system

conditions.
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ACTIVATION CALCULATIONS

Activation of Marquardt Valve Poppet Sample
A(uCi) = %ﬁﬂ. (1-e° 0+ at/t,/,) x %gC:vscc

A = activity (uCi)

n = mass of sample (gm) v
gx fractional abundance of jnitial isotope for element
t
Na Avogadro's. number (atoms/gmole)

¢ = neutron.absorption cross section (cm?/atom)

¢ =-flux (n/cn’ sec)
MN.= atomic weight.of initial. isotope (gm/gmole)

t = irradiacion time (ht)

ti/s « half-life (hr)

For this activationm, £n

3.26 x 107 %gn

=

3 - 1'.00.

£2 2 x 10-2 '

Ng = 0.6023. x 102" atoms/gmole
g = 13 x 10-2% cn?
¢=5x10° n/cm-sec

MW = S5 gm/gmole .
t=1hr

tx/g « 2,58 hr

A= (3.2§x10"1(1.00%EinO:’%;O.GOZSxIO")[leO'} (10" 999/1.5%)

A & 1.25 x 10' (1-0.765) = 2.95 wCi +0.90 % 10* !%é

Mcasured count rate (corrected for decay) = 3.90 x 10° cpm
Weight of sample = 3.26 x 10-% gn

-
Specific activity = :90 : 10« 120z 1075%%
the specific activity

" for the material collected on the test filters,
10uct . a1 ¥EL
—;5%3‘ 2.22 x 10 128

of the Mn-56 is: -~
. e |
g

To determine the mass of material collected on the filters using the
¥repdred standard, a correction factor of 1/2.47 = 0.40S_must there-
ore be included in the calculations. .

on December 3, at 10:34 P.M., Ch 85 ¢ 10 channels = 11,168 cpm
Removed from the reactor at 9:30 AM.;, T = 13 hr elspsed time
Jlt - ’!.l!'(lt)/z.ii —34.9

Therefore, the count rate st t = 0, is 1.117x10%x3.49x10% =
3.90 x 10% cpm

Activity = 5.90 uCi |
Count rate = 3.90 x 10° cpm P+ 1.20 x 107
Weight of standard = 3.26 x 10°2gm

325 % 2300 screen: 8.20 x 10° ¢ : x 0.405 = 27.8 ugm

1 £
1.20 x 10 -g;

. ) 2
Millipore pad: $.54 x 10 cp® . 0,405 = 18.7 ugm
i g 9 CpnM
1.20 x 10 f%i

weight fraction of initial element_in the alloy . . .

Y
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TABLE 3-1

SMMARY OF GAVMA SPECTRA

Counting Time

Figure No. (minutes)
C-5. Spring end cap ---
c-6 Valve seat and base ---
c-7 Poppet --e
c-8 Spring cam
c-9 Background 10m
c-10 #1 Millipore pad 10m
c-11 #1 80 x 700 screen 10m
c-12 #1 325 x 2300 screen 10m
c-13 #2 80 x 700 screen 10m
c-14 #2 325 x 2300 screen 10m
C-15 #2 Willipore pad 10m
c-16 0.05 uCi Cs-137 source im

e ————
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TEST. NUMBER: 4

PEST ITEM: Hydraulie Actuator

1.0

3.0

Scope

The purpose of thig test was to determine the nontami~=-t generacion_cha:acteristics

of a uypical.hydraulic actuator (as shown in Figure 4-1), as a function of tlie number
of cycles through which the actuator has been opérated. The unit was operateéd under
unloari:d and loaded.operating_condizions through a total.of_ 5,400 cycles. Lezkage

from the actuator was measured intermittently during the test. The corntaminant genéra-

tion was monitored using auto-radiotracer techniques.

pProcedure

The _procedures followed in conducting che wear .study are shown in the Tesgt Plan. The
actuator components (bedy, piston, and-bushing) were irradiated for 30 minutes at a ¥lux
of approximately 5 X 1010 n/cmz'-sec. This yielded a total activity of approximately

10 mCi, méinly Cu-64 in the bushing and Cu-64 and Mn-56 in the actuator body.

samples of material removed from the 7075 aluminum body and Cu-Be bushing were irradia-
ted along with the actuator comporents. These samples were used as the calibration
siandards. The piston, being nede of 440¢ stainless sfeel, is much harder than either
the bBody or thie bushing. 1t was therefore assumed that if any particle genération were
to occur it would be from the body and bushing rather than-from the piston. This assump-
tion was later va:iiieq\by_thé abgence of the characteristic gamma decay peaks corres-
ponding to the alloying constituents of 440C stainlees-lteei in the gamma ppectta of

+he_generated cuntaminants.

Fcllowing the irra&iation.and reassembly of the actuator, it.was instelled in the test
loop and tested as- outlined in the Test plan. A schematic dlagram of the test loop is
shown in Figure 4-2. One modification to the Test plan was made during the test. After
2700 cycles, the differential pressure across the scréens built up to a higher ‘value
than anticipated. The screens-were removed from the test loop and replaced with clean
screens. The test was then carried out as planned to completion; i.e., to a total of~
3,600 cycles unleaded {2,700 cycles with the ¢irst set of screens and 900 cycles with
the second set) &nd 1,800 cycles with the actuator loaded (using a third set of screens).
The astivity collected on the screens was intermittently monitored during the run using

& two-inch Nal scintillation detector.

Test Plan - Hydraulic Actuator

1. 1Install the hydraulic actuator in the tast loop and {install the followiny filters
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downstream of the actuator:

a. 80 x 700 screen (40 GBR)
b. 325 x 2300 screen (10. GBR)

2. Test conditions:

a. PFluid: MIL-H-5606

b. Pressure. Source: Greer.supply unit
o. Pressure: 3000 psi .

d. Line.size: 1/4 inch

e. Flow rate: approxintely 0.45 gpm-

£. Maincain a température recotd_and use the provided heat exchanger as necessary. . ...

3. Install & 325 x 2300 screen in the_pressuré_line.

4. Cycle the 4-way solenoid valve to pressurize and exhaust the cylinder. The valve—
is to operate at 3000 psi on the inlet and down&tream sides. A.snubber or needleée
valve is to be used to restrict the travel time and impact..load of the actuator.

5. . Clamp the_cylinder near the_ends to_avoid yrastriction of the hore. -

6. Measure the leakage across the actuator prior to the test by applying 3000 psi to
the retraction port and rieasuring the effluent from the extension port.

7. Cycle the actuatzr through 3,600 cycles at a cycling frequency of 30 cycle per
minute, with the actuator in the unloaded condition..

8... Pass the effluent from the actuator under both.travel directions tlhrough the col~
jection screens. Monitor the activity of the collection screens with. a portable

detec” L. —
g. Repeat the leakage test (as in Step 6).
10. Remove the replace the screent.

11. cycle the actuator through 1500 cycles at 30 cycles per minute with a 2 pound
weight attaclied to the rod end eys bolt to simulate side loading conditions.

12. Repeat Step &.
13. Repeat the leakage taest (Step 6).

14. Remove tlie screens for the off-line counting and analysis.—

Results and aﬁalzgés

The gamma spectra for- the actuator body and bushing calibration samples are shown in
Figures 4-3 and 4-4 respectivsly. The body sample yielded a Mn-56 peak of 2.8l x 102
cpm/mg and a Cu=64 peak of-3.97 x 102 cpm/mg; the bushing sample yielded a Cu-64 peak

of 7.77 x 103 cpm/mg. Ih-analyzing these spectra, and all spectra which follow, thu
couiit rate considered is the total number of counts in the peak channel and five channels
on either side of the peak divided by the counting period. fThe calibration samples are
normalized to activity per milligram and are subsequently used to calculate the mass of

generated contaminant collected on the various screens used during the tesf.
fhe basic procedures used to analyze the test data are as follows:

a. Count each screen using a 3" NaIl scintillation detector and counting system, and

determine the Mn-56 and Cu-64 activity on each screen.
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b. Using the Cu-64 calibration factor for the body, calculate the Cu~-64 activity
correspending to the measured Mn-56 activity. The Mn-56 can-come only from the
actuator body. Subtracting the corresponding Cu=64 activity from the totai Cu-64
activity on the screen will yield the Cu-64 activity due to the bushing.

3 c. From the measured and calculated activities from steps (a) and (b) corrected for

g

| decay back to the time of the counting of.the standards, using the calculated cal-

| ibration factors, calculate the mass of generated contaminant from the actuator

body and bushing collected on each of the filtets. -

; The gamma spectra .for the 8ix screens.'used.during the test are shown in Figures 4-5
i through 4-10. .Erom these figures, it is seen that the.gamiha spectrum for the #1 Fine
|

| Screeh is_the only one which shows. a definite Mn-56 peak.- Using the data from the
!

counting of this screen and the cutlined analysis procedures, the_masses of contaminant
! generated from the body and bushing were calculated: the values are 0.42 ing and 0.19

mg, respectively.

At this point it is assumed that the ratio of body material to bushing material remained
:ons:aht throughout the test.. By this assumption, there should be a Mn-56 peak in the
srectrum-for €ach of the.screens, but, as already indicated, these peaks do not occur.
Close inspection of the data reveals some activity, though not a discernable peak, at 9 %
the Mn=56 energy of 0.84 MéV. The absence of. thé Mn-56_peaks is possibly éxplained by j

the following two considerations:

i~ a. The total activity on each of the rémaining screers ranges from approximately 1 to
108-of-the total activity on the #1 Fine Screen. The Min-56 activity is therefore
also_reduced bf_a similar factor. ;

—l

b. The #1 Fine Screen was one of the first screens counted; the others were counted
at times from 3 to 5 hours later, or 1 to 2 half~lives of Mn-56. This also resulted

in a significant reduction in the already low Mn-56 activity level.

Accepting the validity of this assumption enables one to aistinguish between Cu-6% activ- i
ity on the remaining £ive screens due to particle release .from the actuator body and {
that from the bushing. By the assumption, the ratio oi-body Cu-64 activity to bushing . :
Cu-64 activity will be constant throughout the test and equal to that calculated for b
the #1 Fine Screen. Then, using the separated Cu-64 activities and the appropriate 1 *‘\
calibration factors, the masses of contaminants released from the two parts and collected

on the screens can be calculated. The results are shown in Table 4-1. ,
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The results.indicate a total of 0.69 mg of generated cantaminant collected on the £il-
texs throughout the test. The result for the coarse screen with actuator load d,
while insignificant compared to the 0.69 mg of total collected contaminant, is quite
gignificant in a different respect. For that particdlar case, 0.98 x 10-3 mg, or

less .than ) microgram of material was detected.

Figure 4-11 shows the contaminant generation history of_ the actuator as a function of
the number, of cycles through which it has been operated. While the number of data
points is somewhat limited, the curves do.illustrate several significant features. For-

either body or the bushing, the¢ amount o£<contaminant.collectéd on_the. coarse screens

is a small fraction (approximately-2%) of that collected on the fine screens. Therefore.

Figure 4-11(b) very nearly..approximates the total contaminant generaticn curves for the .

two parts. The curves of Figure 4-11(b) show a sharp initial rate of generation which
ig characteristic of a breaking in period. This ig followed by a leveling off of the
generation rate, which is also -shown. The side-load was added at 3,600 cycles. The
curves showﬁ that this added load d&id not have the effect increasing the rate of part-
icle generation. - The fact that the amount of generated contaminant collected on the
coarse Screens was generally only approximately 2% of that collected on the fine screen
gives a good indication as to the particle size distribution of the geénerated contamin-

ant. The particles are primarily between 10 and 40 microns in size.
Conclusions

The results of this test clearly indicate two of the principle adnantiqes of the auto-~
radiotracer téchniqués used in the contaminant generation study. Fiéat, if the con-
stituent materials of the cemponent parts are suchthut they will yield different ise-
topes upon irradiation, thése aifferent isotopes cun be used to quantitatively measure
the overall particle generation of tha component during operatian, and can alsn be used
to dtntinquish between sources within the component. with this in mind, parts could be
doped with small quantities of materials-during fabrication so as to sexve as radio-

tracers upon irradiation. Second, the results indicate the high sensitivity of the auto-

radiotracer technique as applied to contaminant generation studies. In this test, quan-~

tities of 93nara€q§ contaminant of less than one microgram were easily detected.
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TABLE 4-1

HYDRAULIC

ACTUATOR _TEST

MASSES OF GENERATED CONTAMINANT COLLECTED

Actuator Part

Mass of Collected

Generated Contaminant

and (miliigrams)

Loading Condit;ons Coarse Screen . Fine Screen. Total )

1. Body, unloaded 9.60 x 10-* | 4.49 x 107% 4.59 x 107}

. 2. Body, loaded 2.14 x 107% | L.4Z x 1072 1.63 x 1072

3. Body, total 1.17 x 10°2 4.63 x 107} 4775 x.10"}

4. Bushing, unloaded | 4.33 X 10-° 2.03 x 10°! 2.07 x 107}

S. Bushing, loaded 0.98 x 10°° 6.45 x 10°% | 7.43 x 10°°

6. Bushing, total 5.31 x 1¢°° 2.09 x 107! 2.14 x 107}
7. Total generated _

contaiinant 1.70_x 10°2 6.72 x 10! 6.89 x 10°?}
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FIGURE 4-3
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FIGURE 4-7
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CONTAMINANT GENERATION. HISTORY CF

FIGURE 4-1l: T GENERA]
THE HYDRAULIC ACTUATOR

CONTRMINANT COLLECTED OX THE COARSE_SCREEN
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TEST NUMBER: 5

TEST ITEM: Ball Bearing Assembly

1.0

2.0

Scope .
The purpese of this test was to determine the contaminant. genexation characteristics

of a typical high speed ball bearing assembly while operating in a cryogenic ligquid.....
A special bearing test Zpparatus désigned for use with cryogenic liquids was provided
by the Rocketdyne Divisioh of North American Rockwell Corporation. It was originally
planned €o run the bearing for 3 hours or until failure using liquid nitrogen at 4 gpm
and 225 psia inlet pressure. However, one of the two beariné assemblies installed in
the tester failed after only 12 minutes or 240,000 ravolutions and the test was con<
cluded. During the run the generated contamination was collected on filter screens in
the flow system, and these were monitored on-line using autu-radiotracer techniques.
Bearing incipient failure was noted on the monitors by rapiad accuitnulation of bearing

material prior to audible indications of failure.

Procedurs

The test procedures followed in conducting this study aré showr in the Te-.t Plan. A
gchematic diagram of the bearing tester and the test loop is shiown in Figura 5-1. The
shaft of the béaring tester and two bhéarings were.irradiated for 1 hour at a flux of
\pproximately 5 x 1020 n/cm? sec. This yielded a total activity of 5 mci, mainly Cu-64
and Mn-56, which have-lialf-lives of 12.8 hr. and 2.58 hr., respectively.

Following irradiation, the bearing tester was reassembled and inrcalled in the test loop.
The test was then run as outlined. A 2-inch NaI scintillation detector—was placed nezr
each of the two filter positions. Each detector had a separate readout. The outpat of
tlie detestor monitoring the fine sctreen was also connected to a strip-chidrt recorcder

and the-relative activity of material collected on the fine screen was tecord@d contin-

ually during the test.

The tester was run briefly (3 minutes) prior to the beginning of the continual operation
porcion of the test. This was done §rimar1§y to check out the test loop. Following the
system checkout, the bearing tester was brought to 20,000 rpm and run at that speed for

the remainder of thre test.

Following the test, the filters were removed from the test loop and counted using a 3-
inch Nal scintillation detector and & multi-chann. analyzer., From the results of these

measuraments, the mass of generated contaminants collected on the screens was determined.

e e —



3.0 Results and Analysis

puring the carly minutes of the continual operation portion of the test, a s erly in-
crease in the activity level of each of the filters was detected. This is shown in
Figures 5-2 and 5-3 which represent the meter readings and a reproduction of the strip-
chart recording, respectively. After 12 minutes of continual operation, a sharp rise

in the activity levels was detected. This.is also shown in Figures $-2 and.S-3. Short-
ly following this rapid. increase in .collected activity, a marked increase. in the high
frequency sound_level originating from the bearing tester was noted. It was assunted
that these two effects had been caused-by the failure of & component in the bearing

tester, and one minute later the test was terminated.

Following the test, the unit was disassenbled and visually inspected. This insepction

indicated that the inner race of one of the bearings was binding.

Figures S-4 and 5-5 show-thé gamma spectra for the two screens used in the test. Each.
screen was counted twice ard the spectra indicate the relative decay of the various
radioisotopes present in the screen. A small portion of the collected contaminant was
removed from one of the_screens, counted, and weighed. Using this as a calibration
standard, the rass of generated contamirant collected on the screens was determined.
The resuits are 36.7 mg on. the coarse screen and 44.8 mg on the fine screen. T.23e

relatively large amounts of collected contaminant also confirm the component failure.

The two bearings used for these. tests consisted of 440C stainless steel inner and outer
racés and a K~Monel cage in one bearing and & Rulon-J cage in the other. _Of these
materials, K-Monel is the only one in which copper is present. Therefore, the presence
of significant levels of Cu~64 on the filters, as illnatrated by the gamma spectra,
indicates appreciable wear of ~he K-Moriel cage. It was the bearing vith the K-Monel
cage which was found, by visual inspection follovwing the tcest, to have failed. Mangan-
ese, present in both K-Monel (1.5%) and 440C stainless steel (1.0%), was the source of

the Mn-56 dntected on the screens.

The detect'on f 7u-64 activicy on the screens when copper is pres2nt only in the R-Mzne.
cage provides positive ifadication that it was the K-Monel cage which yielded the majcr
portion of *he colleatad contaminant and that it was this part of the bearing which in

all likelihood resulted in the component faiiure.

Figure 5-6 shows the bearing tester in operation. Liquid nitrcgen from a supply tu the
right of the photograph ts flowing through the bearing tester on the table and thence

through the ‘wo filter screers in front to the gamma detnctors in their cylindrical lead

OO SR




ae e meime e

‘.o

Conclusions
o-radiotracer method gave excellent results in measurin

Not only was it possible to dete

The . aut g the gontamin: nts

produced during this bearing test.
put the origin of the material was revealed during

trmine the arount

of the.generated.particles,
the build=up of radiocactivity.
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3.

4.
S.

7.
8.
9.

10.

11.

12.

13.
14.

15.

16.

17.

18,

19.

TEST PLAN - BEARING TEST

Set up system in accordance with schematic (Figure 52 oo

fise preweighed collection filters downsfream of bearing tester as follows:.

fhree of each.will be required:

a) 80 x 700 (40 ¢ absolute)
b) 325 x 2300 (10 4 absolute)

Fluid to be used - L82 )

Source and quantity =« LN, trailer, 1100 gallorns.

pPressure = 225 psig inle

Line size - 1/2 inch

Total flow rate - 4 gpm

Fluid inlet temperature - 1609 R Max.

Instell filter in pressure iine. Use 325 x 2300 screen.

Use Bently or alternate speed pickup on end of shaft.

Open turbine seal drain to vent.

Establish 115% psig GN, pressure in seal loading bellows cavity.
start coolant flow at approximately 1 gpn to cocl test to operating temperatures.

When tester is at operating temperature and coolant outlet is single pbhase, commence
LN, flow through bearing cavity at approximately 0.8 gpm.

When LN outlét from bearing cavity is single phase, adjust LN, flow to maintain
50 * 10 psig in bearing cavity. Contcol using hand valve in ofitlet line.

start GNp fleow to impeller slowly urd spin the shaft using a rubber tipped rod in
a hand held, electric drill.
(Note: Shaft rotates counter-clockuise, drili-zeverse mechanism will be needed.)

Bring shaft slowly up to 20,000 rpm. Monitor-LN3 outlet temperature continuously
to assure single phase flow through pearings-

Monitor activity of collection screens.

Replace screens after ninety minutes by diverting flow through parallel system.
This will enable flow to be maintained.

Continue test until LN, is exfiausted. The test duration will be known when optimum
flow rates have been eStablished.

1f the tust duration requires use of more than three screens of each gize, the nec-
essary additional screens should be cleaned and weighed early ia the test program.

Care should be used in the transfer of the screens to petrie dishes in order that
all contamination is removea on the screen.

Use a forty-minute count on all screens to give a good statistical value for the
maasured spectra.

To shut down tester, maintain LN, flow and cut off GN, flow to turbine. Followina
this, turn off main LN, seal lozdinq pressure and LNj coolant flow in that order.
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BEARING TEST SCHEMATIC
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CONTPHINANT GEMERATION = BEARING TESTS
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FIGURE 5-4
GAMMA SPECTRA OF THE FINE SCREEN

(325 x 2300 TDDW - 10 Absolute)
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TEST NUMBER: 6

TEST ITEM: Various Plastic Materials

1.0

2.0

3.0

Sgope
The purpose of this work was te determine the trace elemental constituents of various

commonly used valve seat and hearing cage paterial samples. The analysis indicates
which of the materials contain appropriate radio-isotopes, following jrradiation, which
may be used as radiotracers in short-term contamination generaticn studies. The mater-

ials analyzec are 1isted in Table 6-1.

Procedure

Thirteen material samples were irradiated in a neutronfflux,of 1.2 x 1012 n/cmz-sec.
for a period of 3 hours. prior to irradiation, the samples were carefully cleaned,
gealed in plastic bags in a clean room, and re-sealed in cleaned plastic containers.
Prior to counting the irradiated samples, the material samples were sme ;ed from the
plastic bags and original plastic containers znd then transferred ©o uwnirradiated con-
tainers. This procedure jnsured that the analysis revealed only those trace constitu-

ente contained in the material samples themselves and not in the sample containers or

surface contamination.

Following removal from the reactor, the samplas were counted using a sodium-iodide

(Nal) scintillation crystal and photomultiplier tube and a 400 channel pulse height
analyzer. Counts weie taken at various times following {rradiation to detarmine both

the charactaeristic gamima enetgies and the half-lives of the various trace cor.stituents

of each of the samples.

Results

Table 6-2 summarizes the results of the activation analysis. The activity values shown
in the table are activity levels of the specific radionuclides contained in one gram of

the material sample upon removal from the reactor.

The Nylatron GS, Kel F 81, Rulon-J, Armalon, Fluoroc een E-600 and reprocessed teflon

samples may have also contained Mn-56. However, dv to the relatively high activity

of these samples upon removal from the reactor, it was not possible to count the samples

until the short-lived isotopes had decayed. Manganese-56 and perhaps sjilicon-31 are

suspected to be the isotopes responsible for the short-lived activity of these samples.

Gamma spectra for the thirteen materials are shown in Figures 6-1 through 6-13. For

the virgin Teflon and Xel-F 81 samples it is indicated in Figures 6-1 and 6-6 respectively

that what appears to be a single peak is actually due to the presence of two different




4.0

isotopen. Each of the isotopes has a distinct gamma éncrgy level, although the cnstyy l
4ifference is slighrt. For the virgin Teflon (Figure €-1) the two isotopes are 3i-31 5
(1.27 MeV) and Na-24 (1.37 MeV). For the Kel-F 81 (Figure 6-6) the.isotopes are Cu=64. ‘
(0.51 Mev) and W-187 (0.48 MaV). For both materials one of the paired isotopes has

a significantly shorter half-1ife than the other: as the shorter lived isotope decays

the contribution from the longer lived isotope will predominate. It is the differernce :

in half-lives.which facilitates the identification of both isotopes contributing to |

what appears to be a s.ngle peak. . .

Conclusions
The cleaning procedures that were followed, prior to jrradiation, insured that the

trace constituen:ts found in the analysis were actually.constituents of the. material

samples and were not due to surface contamination. The rezults indicate that Mn-56,.
Cu-64 and Na-24 are common to most of the samples analyzed. I% has yet to be determined
whether these are characteristic constituents of the materials or whether they are pick- :
ed up, in. processing the material and component fabrication. Regardless of the source, :

however, both Cu-64 and Na-24 have adequate half-lives (12.8 hr and 15 hr respectively)

to allow short-term wear studies to be.conducted. This is, of course, providing that

the specific activities of the irradiated component materials are known immediately prior

to conducting the test and that the components van be irradiated, assembled, and tested

within a period of approximately two days.

The Kel F 81 sample was found to contain W-187 (half-life = 24 hr); the Délrin sample

was found to contain Au-198 (half-life = 64.8 hr); and the N, latron cé saimple was found
to contain Mo-99 (half-life = 66 hr). While.none of these radioisotopes has a sufficient-
ly long half-life to be used as a radiotracer-in a long-term generation study, all have

half-lives significantly longer than those of both Cu-64 and Na-24. This will allow the

performance of contaminant generation tests over periods of greater than the two-day

¢ime limitation for materials containing only the shorter~lived isotopes. Using W-187
as a radiotracer in a contamination generation study, the corresponding time rastriction '

would be 3 days; and for Au-198 and Mo-99 it would be 8 days.

specific activities somewhat higher than those achieved in the 3-hour irradiation wculd
be required to obtain significant data in a longer term contaminant generation study in- : ¥
volving the materials analyzed. From “he results prescnted, the period of irradiat:ion [

required to achieve the desired activity level may be extrapoilated. For a typical long

term contaminant generation test, the initial component activity should be on the order

3
of 10§ Ci.
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vtilizing the longer half-lives of W-187 and particularly Au-192 and Mc-99, the res-
pective materials may be irradiated to the desired specific zorivity level of ¢ 2 of
these isotopes. After 3 days, the shorter lived isotopzs will have essentially decayed

away and only the longer-lived isotope will remain at appreciable activity levels.

The .Rulon-J sample contained approximately 10 Ci/ym of Cd-115 (half-life 53.5 hr), and
the Fluorogreen E-600.sample contained approximately 0.5 Ci/gm of Cr-51 (half-life 27.8
days) .. . Both of these isotopes are promising for contamination _tests.. The Cr-S1 spec-
ific activity in the Fluorogreen E-600 could easily be increased by extending the irra-

diation period. Six hours jrradiation would yield .approximately 1 Ci/gm of Cr-51.

7he Cr-51 which develops by jrradiation of Fluorogreen E-600 makes this material espec-
ially promising for long term tests. The material can be irradiated to the desired
specific activity level.of the Cr-51 and allowed to stand before use sc that essentially
all of the shorter lived isoiopes will decay away, leaving only the Cr-.1 at wery nearly

jts initial specific activity level.




TABLE 6~-1
LIST OF SAMPLE MATERIALS

Sample Material

1,
2.
3.
4.
5.
6
74
8%
9

10,

11,

12,

13,

Virgin teflon
K/ar_

Yespel

Teflon FEP
Nylatron GS

Kel F 81
Reprocessed teflon
Nylon LP 410 6/6
Delrin
Rulon=d_ ... ... ..
Armalon

Virgin Teflon 25% glass-£filled

Fluorogreen E-600

Mass
(gm)

6.60
141
5.55
6,31
6.93
5.80
27,75
7.43
3,98
0.88
2.85
16,68
15.94
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;r TABLE 6-2
C i SUMMARY OF ACTIVATION ANALYSIS RESULTS
Composition
sample Half-life Activity
Identification Isotope (hr) —_— { Ci/gm)
1, Virqin Taflon Mn~-58 2,58 003
S§i=-31 2,62 0,07
Cu-64- 12,8 0.5
N&-24 1500 0002
Total 9.09
Cu=-64 12,8 0.1
Na‘24 15.0 0003
Total V.23
3, Vespel Mn=56 2,58 5.9
Cu-64 12.8 2,1.
Na=~-24 15,0 2,1
Total ‘ 0. T
4. Teflon FEP bm"‘56 2.58 105
Cu=-64 12.8 1.5
Na=24 15.0 0.7
Total “3e7
S, Nylatron GS Cu=64 — 12,8 1.4
Na-24 15,0 0.25
Mo=-99 66.0 1,6
Total vy 2
- 6, Kel F 81 Cu=-64 12,8 4.0 o
Na-24. 15,0 3,7 w Eé
w-187 2.0 . 4.3 (ks
Total o B
7. Reprocessed Cu=64 1;.8 4,3 g;‘?'
Teflon... tla=24 15.0 3,4
Total o T
] - g
8, Nylon HMn=56 2.53 2.2 % ":-
LP 410 6/6 Cu-64 12,8 0.6 . Ea'-ﬁ
: MNa-24 15,0 0.3 y e
Potal -1  wm
9., Delxin Mn-56 2,58 ¢.09 éij
, Cu-64 12,8 0,06 =
N ¥ Na-24 15,0 ' 0,03
e Au-198 64.8 0,005
Total o
10, Rulon=J Na=-24 15,0 13.4
B8c=46 83,8 day 0.01..
8¢c~75 120.0 day 0.35
Total 3
Na-~24 15,0 126,0
gc-46 83,8 day 0.1
. Total Z81.1
12. 25. 01&50 Cu-54 1208 4808
Filled Teflon Na=24 15,0 Sl.4
8c~-46 83,8 day 0.02
Total 165-2
13, Fluorogreen  Cu-64 12,8 60.8
E=600 Na=24 15,0 66.5
Cr-51 27.8 day 0.5
Sc~46 83,8 day 0.008

Total 127,

—n AT veen s - e e e e
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FIGURE 6=L
GAMMA ENBRGY SPRCTRUM - IRRADIATED VIRGIN TEFLON
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FIGURE 63
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FIGURE 6-5
CAMMA ENERGY_SPECTRUM - [ERADEATER NVLATRON G
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. FIGURE 6-7
GAMMA ‘ENERGY SPECTRUM - TRRADLATED REPROCESSED TEFLON
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FIGURE 6-8
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GAMMA ENERGY SPECTRUM - TRRADIATED DELRIN
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TEST NUMBER: 7

TEST

1.0

2.0
2.1
2.1'1

2.1.2

2.1.3

ITEM: 3/4" Teflen Seal Ball valve

Scope

The purpose of this test was to determine the contamination generation characteristics
of a 3/4" ball valve equipped with teflon seals. Tests of particle generation were
conducted in both gas and liquid.systems. As relatively large amounte of gcnerated
material were anticipated, the gravimetric method was used. Figure 7-1 shows a cross

gsection of the ball valve.

Procedure
Gas Test

pPreparation of Test Item

Prior to beginning the test, the valve, consisting of a 303 stainless steel ball, stem
and body and Teflon primary and stem seals was disassembled, ultrasonically cleaned

and reassembled.

Test Description

The valve was installed in a test system consisting of a nitrogen source, a pressure
regulater, a 19 micron filter immediately upstream of the test valve, the test valve
and a 10 micron (325 x 2300) collection screen immediately downstream of the test valve.
Four (4) pre-cleaned, dried and weighed collection screens were provided, as it was
planned to perform the test in four (4) increments of 100, 100, 500 and 1000 cycles.

A pneumaticlly operated actuator and counter was installed to provide 20 on-off cycles
of the test valve per minute. The regulator was set to deliver nitregen to the test

valve at 100 pisg.

The first test consisted of 100 on-off cycles. At the conclusion of this test the
collection screen was carefully removed and replaced with a clean screen. The collec-
tion screen was dried and weighed to determine the amount of contaminant collected in
the first 100 cycles. This procedure was repeated three times at increments of 100,

500, and 1000 cycles for a total of 1700 cycles.

Results

Table 7-1 shows the weight of contaminant collected in each test increme:ut. Figure 7-2
shows the test data presented in graph form. It can be seen that after a sharp rise

in generation of material, the rate of generation became relatively constant as shown
by the straight section of the graph. A large amount of material was released through-

out the test, totalling 28 milligrams after 1700 cycles. After weighing the screens,




2.2

2.2.1 ..

2.2.2

2.2.3

300

they were examined under a microscope at 40 and 100 pawer. The generated material
consisted entirely of shreds and particles of reflon ranging in size form 2% microns

to 2000 microns. The largest particle measured 2080 x 1240 micqrens.

Liguid Test
preparation of Test Item

New main seals and stem seal were provided and the valve was prepared for .test as in
2.1.1.

Test Description
phe valve was installed in a liguid test system using water as the test £1uid.. The sys-

tem was similar. to that used. for the gas test except that the nitrogen source was Ie-
placed by a reservoir and pump. A flow control valve set to deliver 2 gpm of water re-

placed the pressure regulator.

The test was conducted in five 55) increments_of 100, 100, 500, 1000, and 1000 cycles
for a total of 2700 cycles. mhe collection screen was removed and weighed after each
increment.

Results

Table 7-1 shows the weight_of contaminant collected in each test increment. Figure 7-2
shows the plotted test data. The generation rate remained relatively constant until
1760 cycles as shown by the straight section of the plot and then decreased during the
jast test increment. The total amount of material -generated in 1700 cycles was approx-

imately twice that collected in the gas test.

Microscopic examination showed the generated material to be Teflon shreds and particles

with sizes varying frem 25 microns to 2000 microns as was observed in the gas test.

Conclusions

vhen the valve was disassembled and examined after both. tests, it was apparent that the
source of the Teflon material was the stem and gseal.and not the primary ball seals.

The stem seal is compressed by a clamp plate forcing the Teflon to cold-flow and form
a seal with the valve stem. As ¢thHe Teflon cold-flows, it also extrudes through the
clearance space between the stein and the bedy. As the valve is.cycled the thin extrus
sion breaks off aﬂa falls into “he cavity between the flat sides of the ball and the
body. Subsequent rotation of the ball through 90 degrees "sweeps” the shavings into

the flow stream and where they are colleéﬁed oni the downstream filter.




CONTAMINANT GENERATION TEST - 3/4" BALL VALVE

. Run
| Number

Run
Number

w & W N

TABLE 7-1

Gas Test (Nitrogen)

Number of Cvcles Weight of Contaminant mg.

Per Run Cunulative Per Run Cunulative
100 100 6.6 6.6 |
100 200 4.1 10.7 |
500 700 ‘ 5.9 16.2 ;

1000 1700 11.8 28,0 ?

Liguid Test (Water)

Number of Cvcles Weight of Contaminant mg.
Per Run Cumulative Per Run Cumulative
100 100 2,0 2,0 N
R
100 200 2.7 4.7 §
500 700 \ 16.1 20,8 i
1000 1700 29,0 49,8 ‘
1000 2700 16.2 65.0
¢
i \
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2.0

INTRODUCTION

The selection of the optimum type and grade of filter medium to be used in a fludd sys-
tem is dependent on the characteristics of the oporatinq components in the systoem.

Those components which are very scnsitive to contamination require very clean operating
fluids and therefore a finer degree .of filtration than thouse relatively insensitive to
particulate contamination. The optimum choice of filter.medium is that which will pro-
vide only the degree of protection required, as-filter media which provide finer filtra-
tion than required will, of necessity, be larger than optimum due to the direct rela-
tionship between filter rating and contaminant tolerance. The_finer the filtration rat= ..
ing, the more screen area, i.e. filter fize, is required to ingest a given amount of

contaminant.

In order to determine contaminant sensitivity of any given component, the unit can be
operdted in a contaminated flowing system sequentially protecting it with upstream fil-
ters of four standard filtration ratings. Starting with the finest filtration-rating
(10/25) for the first cycle, additional life cycle tests are conducted with the 20/50,

40/100 and 100/250 filter media.until failure occurs. The largest micron-rating medium

with which the component can perform its design life cycle without failure or perfor- e

mance degradation below allowable limits represents the optimum choice of filter medium

to be used in the protective filter.

TEST METHOD ~ GENERALIZED DESCRIPTIOM

The four grades of “gtandard® filter media recommended in Volume I of this report are

as follows.

Medium Glass Bead Rating Maximum Particle
(Noninal Grade) (Microns) . Size Rating (Microns)
325 x 2300 TDDW 10 | 25
2 x.120 x 650 PDSW 20 50
80 x 400 PDSW 40 . 100
30 x 16C PDSW 100 250

The component is ihstalled in a fluid system simulating that to be used in service. A .
source of contaminated fluid and the necessary pumps or "blow-down" equipment is provided ‘
to allow the unit to perform a specified number of operations under simulated service

conditions.

A filter containing the finest of the four recommended media is installed upstrcam of

the component under test and the unit is operated for a specified number of cycles under

~*




flowing conditions. The source fluid is contaminated to a relatively high contamina-
tion level to assure a meaningful number of particles being exposed to the uni . A
level of 30 milligrams of AC Coarse Dust per liter of, liquid is recommended. ™is
corresponds to a contanination level approximately 10 times higher than level 350

of Mil-Std-1246, and provides accelerated results.. Depending on the total time ~f

T -

operation and flow rate,. the reservoir must contain.sufficient fluid %o complete the
run. The test cannot be conducted under recirculating conditions as the returning

filtered fluid will constantly dilute the reservoir and reduce the contamination level.

The filter area. provided in the upstream filter must be adequate to prevent the filter P
pressure differential from rising beyond acceptable limits during the run. This infor-
mation cap be obtained from the contaminant tolerance durves contained in Volume I of

this report.

1£..the component successfully completes its life cycle protected by the 10 micron GBR
medium, the test is repcated on a gsecond component using the next largex filtration rat-
ing medium. This is continued using the coarser grades of media. until the rating that
causes failure or performance degradation is determined. The coarsest filter medium
which will allow the component to perform its design life would then be the optimum med-

ium for use.

3.0 TEST PROGRAM

3.1 General

To test the validity of the test method, a bipropellant valve was furnished by Moog, Inc.,
East Aurora, New York, for evaluation. The valve was Moog Part Number 54-103, a dual
valve equipped with dual inlets anc dual shut off features. The detailed test procedure
for determining the sensitivity of this valve to particulate contaminant and Ehe results

fo this test follow.

3.2 Summary

The Moog valve functioned perfectly under extensive cyclic testing using twenty micron
absolute (Glass Bead Rating) and finer filtration. When tested witl. forty micren absolute
and coarser filtration, the valve seat was subject to erosion, thus causing leakage
levels higher than specification limits. Following the test series, the pull-in current
and flow and pressure-drop checks indicate that the torque motor and armature flexure
sleeve assembly were functioning properly. Consideriny the gross contaminaticn to which

this vlave was subjected, it is surprising that the operational characteristics after
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the test series were so little degraded.
3.3 Discussion

The fluid flow test system was set up in accordance with the schematic shown in Figure

6 of Appendix I of this section. A tare differential pressure of 4 psid max. was ob-

tained at a flow rate of 3.5 gpm in each valve systcm using deionized water.

The Moog Bipropellant Valve was installed in the system and the necessary electronic
control system was assembled in accordance with Pigure 7. The valve was actuated apen
and flow of deionized water was established to give a net pressure differential of 33
psid across the valve. The flow at this differential setting is 3.8 gpm. Storage

tank. pressure was set at 110 psi. The tank was then calibrated for delivered volume

by emptying inte a pre-weighed drum and-reweighing. Usable tank volume was 37 gallons.

The contaminant weight for addition to a full tank of deicnized water was then calcu-

lated to be 4.2 grams. This correlates to the established contamination level of 30

milligrams AC Coarse Dust per liter of water.

At the start of each test fun, water flow was reestablished at 3.8 gpm and the valve
was pulsed at a rate of 10 cycles per second until the water supply was depleted. This
resulted in a variation of cycles between 3100 and 4100 for each test run. At the end

of each test run, the large filter screens were removed from the 223 mm diameter filter o

holders and thoroughly cleaned. The valve was purged through the flow system using
GNz. This was followed by a five minute flush with isopropyl alcohol to remove remain=~
ing traces of water. Purging with GN, was again performed to evaporate the alcohol }

leaving the valve completely dry.

The valve was then actuated shut and a leak test was performed with an upstream GN;
pressure of 290 psig. Leakage was monitored for thirty minutes downstream of each side 1
of the valve using a "captured bubble" method. This leakage was recorded in addition

to cumulative valve cycles.

With a 10-micron absclute filter screen in the oxidizer side of the system and a 20-

micron absolute filter screen in the fuel side, 20,754 cycles of valve operation were

performed with zero leakage across the valve seats. A 40-micron absolute filter screen

was then installed in the fuel side of the system and » 100-micron absolute filter A
screen was installed in the oxidizer side. Using this combination, further test runs “‘r |
were made.

After the first run of 4078 cycles, leakage of 1.5 scc/hour was measured on the fuel

e A - _ame g TTTT de 4
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side of the valve and 33.2 scc/hour on the oxidizer side. During the second test run,
a marked change occurred.in the valve closing sound. The run was terminated aft:r
approximately 1700 cycles._ Subsequent leakage check sncwed izakage through beth sid:s
of the valve beyond specification limits indicating poppet and/or seat degradation.
puring all test runs, contaminant was maintained in suspension by constant agitat.on
with GN,. A transducer was.installed in the flow system immediately upstream of the
valve to measure the amplitude of. the pressure wave caused.by the valve closing. This
pressure increase was negligible. This may have been due in part to the 1/2" line
size and in part to the dampening effect of the large volume of gas entrained in the

flow stream. [

The overall test set-up is shown in Figure 8 with a detailed view of the flow system......

adjacent to the valve shown in Figure 9. Results of the leakage tests are shown in

Table I.

post-Test Evaluation

At the conclusion of testing, the Bipropellant valve was returned to Moog, Inc. for..

examination and evaluation. Following are the results of the examination..

Tes:.3s were performed.in an effort to disclosu possible damage to the torque motor,
flexure sleeve assembly or the Teflon seats in the flapper buttons, since, damage in

these areas could have caused the leakage noted.

1. Drop Out Current & Leakage Test

This test wasmpeiformed by energizing the coils at 30 vdc and pressurizing both ports
to 2:2 psig. Slowly the voltage was decreased while monitoring the coil current, until

a marked decrease in outlet gas flow .is noted (outlet perts are vented to a water pan) .

The current level at this point was recorded as the "Drop Out Current.”

Coil current was then decreased to 50:% ma. and seat leakage measured from each of the

outlet ports.

Results:
) Limits
Drop Out Current 58 ma. 250 ma.
Dicp Out Leakage Fuel: 0.1 cc/3 min. €5 cc/3 min.
Ox:t 0.3 2¢/3 min. <5 c¢/3 min.

2. Flow and Pressure Drop Test

This test was accomplished by applying 28 vdc to the torque motor and 247 psig to both

G 2 -
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Fluid: GN2

Test Type:

Test Series A:

TABLE I

LEAKAGE TESTS

Captured Bubble

Oxidizer Side:
Fuel Side:

Fluid Pressure: . 290 PSIG

Exposure Time: 30 minutes. (each side.

325 x 2300 TDDW 10
2 x 120 x 650 PDSW 20

CYCLES LEAKAGE scc/hr CYCLES LEAKAGE scc/hr
Oxid. Fuel ' Oxid Fuel
0 0 0 14012 0 0
3169 0 0 17169 0 0
6622 0 0 20754 0 0
10588 0 0

Test Series B:

Oxidizer Side:
Fuel Side:

30 x 160 PDSW 100
80 x 400 PDSW 40

CYCLES LEAKAGE scc/hr CYCLES LEAKAGE scc/hr
v Ooxid Fuel Oxiad Fuel
0 0 0
4078 33.2 1.5
5735 >100 >100

P g
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inlet ports, Then by controlling downstream back pressure, fuel and oxidizer ' w rates
were recorded at several pressure drops. This information was finally plotted and the
differential pressures recorded at flow rates of 0.568 lb/sec and 0.707 lb/sec for the

fuel and oxidizer ports respectively.

esults

— Limits
Fuel 30.6 psid —. 25 - 36 psid
Oxidizer . . 30.9 psid _ . 25 - 36 psid

3.. Pull In Current Test

The current drawn by the coils when the valve opens was observed. Both ports were
pressurized to 247.psig, and coil voltage was increased from zero toward 30 vdc while

monitoring coil current.

Results:
I Limits
268 ma <400 ma.

4. Inspection Test

The manifold was removed and the buttons inspected and photographed. (See Figures 1 - 4} .

If the unit had been subjected to a normal environment, test 1 above—would have been

the more difficult leakage test to pass. However, after viewing the pitted and particle
imbedded nature of the buttons, it was decided that an additional leakage check would
be made.at zero signal to the coils. First, leakage was measured at 7 psig applied to

both inlets, and then 290 psig.

e 7 psig: . Fuel 0.1 cc/l2 min. oxid. 0.8 cc/12 min.

@ 290 psig: Fuel 0.3 cc/12 min. Ooxid. 25.8 cc/12 min.

(This test is normally run at 247 psig, the leakage limit for which is €1 cc/12 min.)
Conclusions

The pull in current and flow and pressure drop tests indicate that the torque motor and
armature flexure sleeve assembly functioned properly. Also, the button travel conformed

to specification requirements.

Analyzing the photographs and leakage test results, there is no doubt but that the ex-
cessive leakage at the higher pressure level was due to orifice type leak paths which
allow more flow the greater the drop across them. Note the erosion {oxidizer button),

pitting and radial impressions left by large stringers having laid across the manifold
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gsealing impression. Any or all of the discrepancies could have caused the laakage in

question.

Inasmuch as the valve showed performance degradation when the 40 micron GBR filter

wasg installed upstream and no degradation when protected by thg 20 micron media, it
can. be concluded that this particular component is "sensitive" to particles larger thau
thogse which will pass through a 20 micron GBR medium. The optimum filter medium to

be used for upst:eamhprotection would then be the 2 x 120 x 650 PDSW, or the alternate
medium, 165 x 1400 TDDW. while the 325 x 2300 TDDW (10 micron GBR) would also provide
adequate protection, the pressure drop across this material would be higher and the

gervice life shorter than with either of the recommended media.




1.0

2.0

3.0

APPENDIX .
TEST PROCEDURE TP-1
SENSITIVITY TEST OF NMOOG BIFROPELLANT VALVE

scopE

The purpose of this series of tests is to determine the gensitivity of the Moog lncor-
porated Bipropellant Valve (P/N 010-50250) to particulate contaminant (AC Coarse Dust)
in terms of the maximum micron rating f£ilter required at the valve inlet to prevent

malfunction caused by particulate contamination.

INTRODUCTION

The test consists_of a series of simulated operational runs using test fluids pre~
contaminated with AC Coarse Dust to a specific particulate contamination .level. The
contaminant level will be 30 mg. AC Coarse Dust per liter of test fluid (reference
Figure 5). Each run is conducted with_inlet filters of specific micron rating. Two
runs are performed each with progressively coarser inlet filter media. The following

media are used in the order shown:

Oxidizer Valve . Ffuel Valve
325.x 2300 TDDW (10n) 2 x 120 x 650 PDSW (20p) _
30 x 160 PDSW (100u) 80 x 400 PDSW (40u)

These media have 10, 20, 40 and 100 micron (pu! glass bead ratings as noted. Periodically
and .after each run, the valve is tested for leakage and is compared to the pre-test
baseline values. Periodic leakage tests will be conducted every 3500 cycles when.test-
ing with the 325 X 2300 TDDW. and 2 x 120 x 650 PDSW filter media and every 1500 cycles
when testing withﬂéhe 80 x 400 and 30 x 160 PDSW filter media. .. The tests will be con-
ducted until approximately 21,000 cycles have accumulated with each flow media. The
sensitivity of filtratiom requirements are determined by noting the filter medium at
which failure or deyradation beyond established limits occurs. The next finer filter
medium than that employed in the failure run represents the degree of protection re-

quired and, thus, is a measure of the contaminant "Sensitivity" of the valve.

DESCRIPTION OF TEST ITEM

part No.t 010-50250
Model No.: S4-103A
Serial No.: Eng. Eval. #1

The Moog Model 54-103A Bipropellant Valve is used for delta velocity and attitude cor-

rection. Each valve incorporates a mechanical linkage to operate the fuel and oxidizer
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poppets simultaneously. An electrical golenoid activates the mechanical linkage. The

golenoid is enerqgized by an external power sovrce. The peppet saal width .3 0,015

inches (400 microns) and the stroke is 0.030 inches.

TEST PLAN

1‘
2.
3.

10

Set up a dual hydraulic. flow system as shown on.attached schematic, Figure 6.
Ccarefully remove inlet filter from both inlets (oxidizer and fuel).
Fluid to be used: deionized water

Flow Rate: 3.5 GPM (tc rpovide velocity equivalent to .678 lbs/sec¢
H204 or...424 lbs/sec MMH)

approximately:
33 psid (oxidizer side)
33 psid (fuel side)

Pressure Drop:

valve Response Rate: approximately (at 247 psig aﬂd 24 vdc, reference only)
.029 second to open
.007 second to close
Voltage Range: 24 to 32 vdc
Supply Pressure: 100_psig approx.
Line. Size: 1/2_inch
Filtration: Noted on schematic
Load system with deionized water»that has been pre-filtered through 0.45 micron
filters. Assure that flow system is clean. Recirculate through 0.45 micron fil-
ters to clean up if required.
Install a 325 % 2300 TDDW (10u) ore-filter in the "oxidizer" valve system and a
2. x 120 x 650 PDSW (20p) pre-filter in the "fuel” valve system as noted in Figure
6. Check operation of systems withotut Biprepellant valve installed in flow sys-
tems.wwnlecﬁronic instrumentation required is shown in Figure 7.
Measure and record the amount of GN, leakage through the. fuel-and oxidizer sides
of the valve with 290 psig inlet pressure. The initial leaage should not ex. ~ed
5 scc/hr at an inlet pressure of 290 psig. ‘
Determine and weigh the amount of contaminant (AC Coarse Dust) required to obtain
the desired contamination level (30 mg AC Coarse Dust per liter) of the contaminated
water supply systems. Set measured contaminant aside.
Install the 010-50250 Bipropellant Vlave Assembly into the flow system. Adjust flow
rate and differential pressure to the desired lavel with the valve actuated to flow
position.
Add the pre-weighed contaminant in slurry form to the reservoir and maintain uniform
suspension of contaminant in the water by agitating the storage reservoir with a

constant supply of GNz.

Actuate Bipropellant valve 3500 times while flowing both systems. Permit the con-




taminated water to flow directly into the drain.

11, Close flow valves of both flow systems with the Bipropellant Valve actuited to
flow position. Allow system preasure to drop to .0 psig, then close both throttle
valves.

12. Flush Bipropellant valve with pre-filtered isopropanol. Purge dry with GN,.

13...Measure and record the Gsz}ggxgge rate through both sides of the valve with 290
psig inlet pressure.

14. Repeat items 4, 8, and 10 through 13 for additional 3500 cycle increments, until
21,000 cycles have been accumuiated, or until either the oxidizer or fuel side of
the valve fails or exceeds the allowable leakage rate, whichever comes first.

15... Upon completion of the 21,000 cycles noted in.item 14, remove the 325 x 2300 TDDW.
and 2 x 120 x 650 PDSW pre-filters noted in.item S.

16. Install a 30 x 160 PDSW (100u) pre-filter in the "oxidizer" valve system and a.... .
80 x 400 PDSW (40p) pre-filter in the fuel valve system as noted in Figuxe 6.
Check operation of system without Bipropellant valve installed in flow system.

17. Repeat items 7 through 13 except - actuate the Bipropellant valve 1500 times while
flowing both systems, (instead cf 3500 times).

18, Repeat items 8, and 10 through 13 for additional 1500 cycle increments until
21,000 cycles have been accumulated with the new pre-filters, or until either
the oxidizer or fuel side of the valve fails or exceeds the allowable leakaae rate,
whichever comes first.

19....When £ailure occurs in one side of the valve, continue testing the other side of
the valve using the next finer screen to that which was protectihg the failed side
of..the valve. Continue this test to failure. The filter holder protecting the

- . failed side of the valve should contain the..325 x 2300 screen during this final
test sequence to prevent further degradation of the failed seat area.

20. Upon completion of all tests, the Bipropellant Valve shall be thoroughly flushed
with pre-filtered isopropanol followed by drying, freon flush and baking. The

isopropanol and freon shall be filtered through 0.45 micron filters.

.- .. - — ~
- S PR — U .- [
- . - -

. e o - B WP P~ i e R

7 . St ——nna . A




e e e ¢ - ——— i — ———— e s hd ) ammd - - —_— N
-
= o
£ 4
PAE
pe - T ier TR T T T T T
: R R S 1
. . . .- . -
T T C T - :
- o T SRR S .
SIS U ; ‘
- NS Y R :
L :........”1 . .
L. . T P . .
S e
PRSI RPN .
> Tt 95 3 D . .
B ¢ - . I ) B 1 ‘e
- . - e+ asesn u- . ..
RS PR D . T .
SRS N S S P . . .
L.t I ¥ 3 . . ce-
= P : 3. .....r.,. + . 3... ..
- .- - ..,-a..w “ ..m. «
ﬂ... . s ‘ e. e e ek .o
. a- bt . e. Co .._ .
Ve e o m A PR Ly .
- : M e P
' vanoo RO £ DO 4 o s
- eI ”m,..n Y e
. Che e RO~ DO : o
- [} . IR 1 e 4 .m
. L. . D - .
. Lo ISEE i u . -
- > RS B - e
i =0 . - R .
: L DER SR O .
. A . I S R
R I R H
| :
L)

P

EONTAMINATION

0. - :

kd! 1246,

N

125

-COMPARATIVE.

TIVITY TEST

s s s o

' SENSI

v
4-

OM’J 8861 @ 6653

“MQ 00i-3 ¥ 39943 9 worzma | .- -
Q3YYALS 501 X 501 *ed Vil

I

L K]

S0

to

70

60

50

40

38

30

20

10

-

R TR o



B o i [
ALY O THE

ORIGINAY, PAGE 1§ POOR

DIRT X

Hj—b ADO )

X

w 'w-——\

1) 2x120x620 1.)225%x2200
7.) 80 x 400 2330 x L

293 um 293 um '

®© o QT

| _®_ @__ 1 OMiWdFES .=
P, “®_® Py

\ p"
1 -
MOO& - TRANSDUCEZ.(SEEFIG3)
RUEL [yALVE | OXIDIZER Peo
=AKAGE — ELECTCONTROL
LEAKAGE.
' L , (SEE FIGD) \
l J&é —& LEAKAGE
® 558
P | s
> [ty FLOW
| 1 |
% y
DUMP \

FIGURE &
TEST SCHEMATIC

T . antwnaitih R




#*-
CmOoOTLNOD DINOaLO3ANA
L 33N Id
2.
==
HolilsisI = &
Al NO YRSV D 2=
~ e AADNCSHTAL — z
- 3 - Z
— > Haavl >
DTN O =
| i
- _ L |
. | aossaTsO oLV aNE0
2 AYA LINA N7\ ADOCYNEW 3Is\nNd
2 o [T emane? PR 2015 ON \O1Z ON
- EHONARS Y et QA3d XINOALASL XINCO2IAAIL
Joaano /g ans
=oreod == Mod
Dan S AN S2
N _ 3 | ..




RISROL U
o JUCIBILITY (0 e
T UF Ty
FIGURE 8 ORIGINAL PAGE g If()(jgb

TEST SYSTEM

FIGURE 9

FLOW SYSTEM ADJACENT VALV

i e VR e e 5. s,
¥ -




